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Foreword 



This is a Foreword by an archaeologist, not a conservator, but as Brad Rodgers 
says, “Conservation has been steadily pulled from archaeology by the forces of 
specialization” (p. 3), and he wants to remedy that situation through this manual. Fie 
sees this work as a “call to action for the non-professional conservator,” permitting 
“curators, conservators, and archaeologists to identify artifacts that need profes- 
sional attention and, allow these professionals to stabilize most artifacts in their 
own laboratories with minimal intervention, using simple non-toxic procedures” 
(p. 5). It is the mission of Brad’s manual to “bring conservation back into archae- 
ology” (p. 6). The degree of success of that goal depends on the degree to which 
archaeologists pay attention to, and put to use, what Brad has to say, because as he 
says, “The conservationist/archaeologist is responsible to make preparation for an 
artifact’s care even before it is excavated and after its storage into the foreseeable 
future” ... a tremendous responsibility” (p. 10). 

The manual is a combination of highly technical as well as common sense 
methods of conserving wood, iron and other metals, ceramics, glass and stone, 
organics and composits — a far better guide to artifact conservation than was avail- 
able to me when I first faced that archaeological challenge at colonial Brunswick 
Town, North Carolina in 1958 — a challenge still being faced by archaeologists 
today. 

The stage of conservation in 1958 is in dramatic contrast to the procedures 
Brad describes in this manual — conservation has indeed made great progress. For 
instance, a common procedure then was to heat the artifacts red hot in a furnace — a 
method that made me cringe. Faced with the need to treat thousands of wrought 
nails I was excavating from the ruins of Brunswick Town, I rented a sandblaster and 
was able to clean the rust from padlocks, hinges, pintles, keys, buckles and tools, 
as well as wrought nails, at a cost of 25 cents each (South 1962a: 18), saying, “No 
other method can match this achievement.” I also said, “No soaking to remove 
salts has been found to be necessary,” — a statement that probably makes Brad 
cringe today. Later I soaked a bucket of nails in a diluted 5% solution of muriatic 
acid to remove the rust, decreasing dramatically the cost per nail. 

In 1962, I sent to my supervisor, “Notes on Treatment Methods for the 
Preservation of Iron and Wooden Objects” (South 1962b), in which I described the 
treatment of water-soaked wood and iron recommended by various conservators 
and archaeologists at the time — such as soaking cannonballs in a fresh water stream 
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to remove the salts. Artifact conservation was a process being tried using various 
nefarious, and some efficacious, methods that archaeologists were pulling out of 
the seat of their pants. 

In later years my experience with conservators was not the best as that 
“force of specialization” Brad speaks of widened the gap between professional 
conservators and the conservation needs I had as an archaeologist. For instance, 
when a professional conservator was made available to me, I gave 10 nails to the 
professional to process for use in an exhibit — three months later four were done. I 
received a promise that the others would be completed within a year — these were 
not the crown jewels of Europe! Well, back to sandblasting and muriatic acid. 

Since that time, I have left all Spanish barrels I discover (after recording 
and photographing them in situ) in the well hole where they have been safely 
conserved by nature for four and a half centuries. As Brad says: “In-Situ conser- 
vation is designed to extend an artifact’s stability in the ground or the sea bottom, 
a form of preemptive conservation” (p. 10) — a wise method until such a time that 
conservators can successfully conserve composite artifacts. 

I could continue, but the point is many archaeologists are very likely still 
trying to conserve their artifacts by using methods pulled from the seat of the pants, 
because the sources written by conservators (and there is a definitive listing of them 
in Brad’s manual) are too complex and technical for use by field archaeologists — 
yet the responsibility to conserve the artifacts is constantly there. 

Brad’s manual in this volume is the first attempt to “bring conservation back 
into archaeology.” It is my hope that this manual will help do that, so further horror 
stories can be reduced and archaeologists can come closer to achieving “Pinky” 
Harrington’s goal — “To preserve the physical remains of our past and to employ 
them in perpetuating our historical heritage” (Harrington 1965:8, quoted in South 
1976:42). 

Stanley South H. H. D. 

The University of South Carolina 
South Carolina Institute of Archaeology and Anthropology 

Columbia, South Carolina 
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Preface 



This project began over a decade ago in my first attempt to produce a manual 
that outlined the procedures used at the artifact conservation laboratory at East 
Carolina University to stabilize and conserve water-degraded archaeological arti- 
facts. The Conservator’s Cookbook (1992), became a practical conservation man- 
ual designed to compliment graduate level conservation classes. The text and flow 
charts provided simple hands-on advice to students who wanted to conserve arti- 
facts. Complimenting the conservation manual was the Conservation of Water 
Soaked Materials Bibliography (1992), by far the most comprehensive listing 
of books and articles yet compiled concerning archaeological artifact degradation, 
conservation, and stabilization. These texts enjoyed surprising popularity, inspired 
no doubt by the fact that they endorsed practical application and methodology in 
the midst of a field whose literature was dominated by theory with anecdotes from 
spectacularly difficult ostentatious projects. 

At that time, however, crossover students from the Department of Anthro- 
pology began to add great scope to my experience, expanding significantly the 
types and conditions of artifacts brought into the laboratory for conservation. I 
soon discovered that although the treatments in the Conservator’s Cookbook were 
specifically designed to stabilize water soaked and degraded artifacts, they worked 
equally well or better on artifacts recovered from land sites. Indeed, the procedures 
devised for water-degraded material, reflected a considerable advance over those 
employed to stabilize artifacts in most terrestrial laboratories. 

Experience proved that the famed preservation properties of seawater are 
simply an anomaly of available conservation technology. In other words, given 
the same treatments, artifacts excavated from the ground demonstrate equal or 
better preservation to those recovered from wet sites. It also became clear that dry 
recovered artifacts can be conserved in a condition that permits detailed micro- 
excavation and examination of both prehistoric and historic objects. Native Amer- 
ican copper ornaments from Fort Neoheroka (1713) could be examined for signs 
of use and polishing. What was thought to be a concreted gun barrel from Santa 
Elena (1572) was found to be no more than a mandrel rolled piece of sheet iron, 
and buttons and coins lost all concretion and accumulated filth to reveal dates, 
maker’s stamps, gilding, mold marks, and wear that was never seen before. 

In light of these discoveries it became increasingly clear, that despite the 
fact that underwater archaeology is a much younger field fhan prehistoric and 
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historic archaeology and owes much to its parent fields, it is now well ahead 
in artifact conservation technique and practice. The Archaeologist’s Manual for 
Conservation is the first attempt to share these hard won conservation advances 
with the archaeological field as a whole, and demonstrate for the first time that 
hands-on conservation should be endemic to the entire profession; prehistoric, 
historic, and underwater. 
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Introduction 

Conservation Is Part of Archaeology 



This manual is designed to take the mysticism out of archaeological artifact con- 
servation and act as both reference and guide. It is intended to be a tool to assist 
archaeologists in stabilizing a majority of the artifacts they excavate, or those 
already in storage. These stabilized archaeological collections will be preserved 
into the future, permitting reexamination and multiple interpretations of the data 
as our knowledge base grows through time. In addition, conservation will per- 
mit improved in-depth primary artifact interpretation, as fully conserved artifacts 
reveal fabrication, wear patterns, and detail impossible to detect in non-conserved 
artifacts. Conservation, therefore, is a critical tool within archaeology, a tool that 
becomes less meaningful if it is isolated, or seen as merely a technical skill that 
can be farmed out to the “hard sciences.” The Archaeologist’s Manual for Con- 
servation is intended as a counterpoint to the popular specialization trend. My 
goal in offering this manual is to put artifacts back in the hands of archaeologists 
or material culture specialists who can best decipher them, opening avenues of 
artifact or material culture interpretation that are disappearing as artifacts either 
decay in storage or are sent away to the “conservation professionals.” 

Yet it cannot be denied that artifact conservation has become an increas- 
ingly complex subject. The manual, therefore, is divided into chapters of material 
types and subdivided into easily understood components within each chapter, each 
backed by extensive bibliographic reference. Of the hundreds of treatment concepts 
available today, the few promoted in the manual are chosen for their effectiveness, 
simplicity, lack of toxic effects (on both conservator and environment), and cost 
effectiveness. All treatments must also conform to the rules of conservation spec- 
ified in Chapter 1 . 

The Archaeologist’s Manual for Conservation can be approached on several 
levels. It can be read in narrative form for those interested in a particular material 
or conservation procedure, or used as a practical reference by following the artifact 
treatment flow charts on the first page of each chapter. Chapters open with material 
theory and take the reader through first, a short history of a material followed by 
a theoretical description, including the refining process if the material is a mineral, 
or the biology of the substance if it is an organic. Theory sections will also describe 
the decomposition and deterioration of an artifact. The practical side of the manual 
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follows the theoretical sections. Methodology explains in detail how any given 
material type is stabilized. 



HOW THE MANUAL WORKS AND ITS ANTECEDENTS 

The Archaeologist’s Manual for Conservation outlines practical methodol- 
ogy in simple flow chart form. The flow charts demonstrate how an artifact can 
be stabilized from start to finish and the reasoning behind the use of the method 
deemed most effective. The flow charts are located on the first page of each chap- 
ter concerning a particular substance such as wood, iron, copper, glass, ceramic, 
and so on. Treatment simply follows the logic of the flow charts. Since the actual 
explanation for flow chart procedures is fairly complex, and much too detailed to 
fit the confines of the diagram, each procedure in the chart refers to the pages in 
the text where that treatment is explained. The methodological explanations also 
reflect insights on similar or related materials or procedures. 

Identifying the substance that makes up an artifact is equivalent to finding 
the ON switch to this manual. It allows a technician to turn directly to the flow 
chart guiding treatment for that material. Though material make-up is obvious 
in most instances, a technician’s ability to identify the elements that make up an 
object may at times be difficult. Strategically this task is of paramount importance, 
as it forms the basis for all subsequent treatment. 

At times it is not good enough to simply identify that an artifact is made 
out of wood, ceramic, or iron. Treatment often depends on the particular type of 
wood, ceramic, or iron. Archaeologists and curators trained in material culture 
and conservation procedures, enjoy a distinct advantage in this area over non- 
archaeological conservators. Their experience permits them to determine artifact 
and material type at a glance, despite its present condition or accumulated con- 
cretion. A scupper liner for example will always be lead, a nail will always be 
wrought iron, and a cannon ball will almost always be cast iron. Conservators 
not trained in archaeology or artifact identification are often forced to rely on 
material analysis alone to confirm material type, adding time and cost to the con- 
servation procedure. Artifact typing argues powerfully for a continuous dialogue 
between conservators, curators, and archaeologists if not cross training in these 
professions. 

The Archaeologist’s Manual addresses material typology with simple diag- 
nostic methods and a list of traditional artifacts fabricated of that material at the 
beginning of each chapter. These identification methods are usually effective in 
separating materials precluding the use of more sophisticated and costly methods 
of identification such as X-ray diffraction analysis, PIXI, and gas chromatogra- 
phy. However, these procedures do have their uses and can be found in most 
physics departments in local universities. Textile and organic analysis can also 
be accomplished in a Home Economics or Biology Department. Networking is 
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encouraged in conservation and is often the key to promoting good and complete 
analysis of an artifact. 

This manual will also list most of the other conservation methods currently 
available for treatment of a certain sort of material in chart form following the 
treatment flow chart. The treatments compilation chart will not go into detail con- 
cerning how these other methods are used, only that under certain circumstances, 
they are, or have been in the past. This simple list of conservation methods is 
augmented by a chapter by chapter bibliography of up to date research in the 
various journals and publications concerning conservation of artifacts. Therefore, 
each section of material type is serviced with a listing of the latest sources. If an 
article or book covers more than one type of material it is included in the bibli- 
ographies of each of the material types mentioned. General conservation works 
are included after Chapter 1, “The Minimal Intervention Laboratory.” Research 
for this manual includes over 1000 books and articles gleaned from over 100 
journals in conservation, archaeology and related fields in engineering, biology, 
wood science, chemistry, biochemistry, as well as various curatorial journals (see 
appendix A). 

Conservation is a relatively new field within archaeology and few books 
specifically address archaeological conservation. Most of the classic references in 
conservation are written from the point of view of a museum curator. These include 
Plenderlith and Werner’s, The Conservation of Antiquities and Works of Art, first 
published in 1956, and Muhlethaler and Barkman’s Conservation of Waterlogged 
Wood and Wet Leather, 1973. More recent books concerning archaeological con- 
servation include, Colin Pearson, ed.. Conservation of Marine Archaeological 
Objects, 1987; J. M. Cronyn’s, The Elements of Archaeological Conservation, 
1990; Donny Hamilton’s, Basic Methods of Conserving Underwater Archaeo- 
logical Material Culture, 1996, as well as specialized works such as Wayne C. 
Smith’s, Archaeological Conservation Using Polymers, 2003. Though excellent 
sources of information in their own right, they tend to be written from a theo- 
retical perspective and are generally speaking, written for conservators, conser- 
vation scientists, or archaeologists with substantial backgrounds in artifact stabi- 
lization theory. In essence, they do not completely cross the practical application 
gap, and in fact, tend to create an artificial separation between conservation and 
archaeology. 

At times, however, practical research has surfaced. Works by Wendy 
Robinson, First Aid for Marine Finds, 1981, followed by Catherine Sease’s, A 
Conservation Manual for the Field Archaeologist, 1987, and Katherine Singley’s, 
The Conservation of Archaeological Artifacts From Freshwater Environments, 
1988, attempted to bring conservation back within the realm of practical applica- 
tion and archaeology and succeeded in doing so to some degree. Unfortunately, 
a more comprehensive fully practical manual did not immediately follow their 
lead and conservation has been steadily pulled from archaeology by the forces of 
specialization. 
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CONSERVATION AND ARCHAEOLOGY 

Colin Pearson states in the Preface of Butterworth’s, Conservation of Marine 
Archaeological Objects that, “excavation without conservation is vandalism 
(Pearson, 1987: Preface)”. It should be stated plainly here that this is true not 
only for artifacts recovered from underwater sites, but artifacts recovered from ter- 
restrial excavations as well. Yet, one of the great myths in terrestrial archaeology 
is that artifacts are safe and stable simply if they are cleaned of surface debris, 
tagged, and stored. In reality, the deterioration process and chemical breakdown 
of artifacts recovered from a marine environment, a freshwater or wet site envi- 
ronment, or a terrestrial environment, will continue even after drying and storage. 
This is particularly true of metals and organics. The difference seems to be the rate 
at which artifacts disintegrate. 

Generally terrestrial and fresh water or wet site recovered artifacts deteriorate 
at a somewhat slower pace than artifacts recovered from the sea, even though 
objects recovered from the ocean may initially look like they are in better shape. 
But deterioration is inevitable in both land and water recovered artifacts. Material 
recovered from any of these physically different sites cannot always be effectively 
stabilized with simple exterior cleaning and storage and short term observations 
(several years) are not always a reliable indicator of whether an artifact is stable. 
Curation has no time limit, artifacts are expected to last as long, for all practical 
purposes, as our civilization does. Therefore, conservation is a necessity for long- 
term artifact storage, without it an object’s life span is greatly reduced. 

The reasons for artifact deterioration are complex and vary with each artifact, 
but stated simply, in most instances an archaeological artifact has reached a natural 
chemical and electrical equilibrium with its environment, whether with the ground 
or the ocean benthic environment. When that equilibrium is disturbed through 
excavation, the artifact will begin to break down. Since artifacts recovered from 
the ocean break down at a spectacular rate, underwater archaeologists have been 
forced to devise techniques to counteract artifact deterioration. The old standard 
practice of most archaeological laboratories, exterior cleaning and storage, had no 
appreciable affect in stabilizing water-degraded artifacts. 

The tagged, bagged, boxed, and shelved practice is an alarming yet unques- 
tioned modus operandi for most archaeological laboratories; alarming because the 
artifacts so processed are NOT necessarily stable and may deteriorate over time 
even in air tight containers. Years after the artifacts are put away for ’’safe keeping,” 
when the contents of the storage containers are examined (or rediscovered as it 
were), one of three observations will invariably take place. First, if the artifact is 
robust (lithic, bone, glass, or ceramic) it may appear that it is normal, or perhaps it 
is a slightly different hue, color, or iridescence than its accession photograph. The 
curator is left to decide if the photo or the artifact is changing color, but no great 
injury or harm seems to have been done to the artifact. Second, a more friable sort 
of artifact (metallic, textile, cordage, organic, or wood) has over time become sev- 
eral artifacts while untouched in its storage box. This artifact is actively spalling. 
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breaking up, and or leaving residue. In most laboratories this is overlooked, seen as 
normal aging, or perhaps the result of a storage problem. In the third scenario the 
curator opens the artifact storage box and is left to guess where the artifact went, 
and who replaced it with a pile of dust and dehris? These scenarios are obviously 
a temporal snapshot of what will happen to many artifacts in storage (even some 
of the more robust specimens) that have not undergone conservation, and these 
scenarios are repeated at virtually every archaeological laboratory in the country. 

The Archaeologist’s Manual for Conservation is intended to allow archae- 
ologists and curators of archaeological artifacts to examine their collections in 
a whole new light, permitting these professionals to view the effects of time on 
unstabilized artifacts for what it really is, a destructive process with only one even- 
tual outcome. This manual can be seen as a call to action for the non-professional 
conservator. It will permit curators, conservators, and archaeologists to identify 
artifacts that need professional attention and, allow these professionals to stabilize 
most artifacts in their own laboratories with minimal intervention, using simple 
non-toxic procedures. 

In this way The Archaeologist ’s Manual is somewhat iconoclastic and works 
to dispel the notion that all archaeological conservation is too difficult and complex 
for the average curator or archaeologist. It will remove or explain in simple terms 
professional conservation language. For although professional language promotes 
easy communication within a vocation, it intimidates and distances people outside 
a profession. For so long as curators and archaeologists buy into the notion that 
conservation is too complex and difficult a subject to tackle on their own (on any 
level), the collections will continue to languish under inaction and neglect. The final 
irony remains that while many objects could be saved with very simple procedures, 
they may in fact be doomed while awaiting professional attention, professional 
attention that may simply be too costly to be practical. Few archaeology labs 
can hire professional conservators, and fewer still can afford to ship their entire 
collections to those laboratories that can stabilize them. 

Though The Archaeologist’s Manual for Conservation suggests that curators 
and archaeologist can take care of some of their conservation needs, it does not 
intend to imply that neophyte conservators attempt to stabilize large complex 
or complicated composite artifacts. Overly complex projects concerning valuable 
artifacts or works of art should be left to teams of professional conservators working 
with the latest scientific equipment and knowledge of the subject. A general rule of 
thumb for this manual is, if a reader has concerns about an artifact, or is unsure of 
their ability to stabilize an object without damage; it should go to a professional or a 
professional should be consulted. Conservation can be a very complex subject and 
is governed by how highly degraded an object may be, the type of degradation it 
has suffered, the rules of conservation, goals of treatment, laboratory philosophy, 
and laboratory type. The size and scope of this manual is manageable only by 
assuming that the reader here is concerned with the least complex of conservation 
goals (stabilization), the simplest laboratory type, and the least intrusive non-toxic, 
safe procedures. Complex and specialized procedures are included within written 
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research in the chapter bibliographies, but are not considered relevant to the scope 
or design of this book. 

In the final analysis The Archaeologist’s Manual for Conservation is an 
attempt to make archaeologists and archaeological curators aware that artifacts are 
not just a valuable resource recovered during an excavation, but can continue to 
shed light on a site long after excavation and recovery. But only if the recovered 
objects are preserved into the foreseeable future. In practical application, con- 
servation techniques and micro-excavation analysis can add a great deal to the 
interpretation of any site. Conserved artifacts more easily reveal adaptively reuti- 
lized artifacts, tool patterning, manufacturing techniques, wear patterns, stains, 
gilding, makers marks, mold marks, nicks and dents from use. However, this man- 
ual is simply a tool. The archaeologist/ conservation technician must make it work 
and bring conservation back into archaeology. 
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Chapter 1 



The Minimal Intervention Laboratory 



ARCHAEOLOGICAL CONSERVATION 

Artifact conservation has been defined in several different ways depending on 
the professional viewpoint of the author. Archaeological artifact conservation for 
instance, can be defined in a somewhat more restrictive manner than art or building 
conservation, that usually includes phrasing concerned with restoration. Unlike 
historic site curators or professional resource managers, archaeologists are not 
generally concerned with restoring an artifact to anything approaching its orig- 
inal appearance, and in fact, can tell more about an object if it is worn, well 
used, and broken, than if it is in pristine condition. While archaeological conser- 
vation places no premium on restoring an artifact’s appearance, it does become 
a more inclusive profession in other respects. Lindstrom and Rees-Jones define 
marine archaeological conservation in two ways stating that the goals of con- 
servation are “the control of the environment to minimize decay” and secondly, 
“to stabilize them [artifacts] where possible against further deterioration (Pearson, 
1987; Series Editor’s preface).” The multi-component approach to archaeolog- 
ical conservation is a point well taken and over the years it has become more 
encompassing. 

Since this definition was postulated, the separation between archaeologist, 
and archaeological conservator and, curator has become, if anything, more blurred. 
Job distinctions now depend on where the skills of a crewmember fit into the over- 
all archaeological team and how the team is set up in the planning for fieldwork. 
Archaeological conservators and conservation technicians don’t just work in labo- 
ratories anymore than archaeologists only work in the field. It becomes even more 
convenient if they are one and the same person. 

Nonetheless, the new conservator/ archaeologist actually begins the conser- 
vation process during the initial project research design, when it is planned that 
artifacts will, or perhaps will not (as in the case of a pre-disturbance survey), be 
recovered. Current interest in cultural resource management (CRM) emphasizes 
that artifacts be removed from a site only under the best planned circumstances, 
and only if certain conditions are met. Namely that conservation funding be set in 
place before the excavation, or a fully capable laboratory and staff support the field 
work while museum, state, or academic facilities agree to store and curate the arti- 
facts. As archaeological conservation becomes more widespread and implemented. 
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artifacts can even receive in-situ stabilization treatment and be left in place. In-Situ 
conservation is designed to extend an artifact’s stability in the ground or the sea 
bottom, a form of preemptive conservation. 

Therefore, in a modem sense, archaeological artifact conservation starts well 
before any artifact is excavated and continues well after an artifact is curated. The 
definition of conservation has to be inclusive and the conservator by necessity wears 
many hats. For the purposes of this text archaeological artifact conservation is; the 
designed implementation of processes, procedures, and strategies to guard artifacts 
and archaeologically important objects, as far as possible, against deterioration on 
site, during recovery, while transitioning to storage, or while in storage or under 
curation and or exhibit. Conservation in this sense is a verb that also includes the 
micro-excavation and examination of artifacts as they undergo treatment, in an 
effort to gain information concerning artifact fabrication, site formation process, 
use, and wear. This definition is far reaching and temporally has no boundaries. 
The conservator/archaeologist is responsible to make preparation for an artifact’s 
care even before it is excavated and after its storage into the foreseeable future. It 
is no coincidence that as more archaeologists are trained in both conservation and 
cultural resource management — that fewer and fewer artifacts are being recovered 
from archaeological sites, they represent a tremendous responsibility. After all, 
the object of archaeology is the collection of data and information to add to our 
knowledge base of the human past, full excavation with recovery of every artifact at 
a site may be unnecessary and comes with a large price, curation and conservation, 
in the end, are forever. 



COMPREHENSIVE LABORATORIES 

Conservation facilities supporting archaeological work range in size and 
complexity. There is no general principle concerning laboratory size only general 
principles regarding design for intended use. For the sake of organization most 
artifact conservation facilities can be divided into three categories, large compre- 
hensive purpose built facilities, mid-sized complete service facilities (that have 
generally grown through contract work from program oriented labs), and program 
supporting laboratories (the special concern of this manual). Laboratory size, in 
square footage, is not necessarily an indicator of how well a laboratory can perform, 
nor is budget or equipment. Since archaeological conservation is extremely labor 
intensive, a far better indicator of lab performance is the knowledge, expertise, and 
experience of the conservator and technicians working at a lab. 

There are few large purpose built archaeological conservation laboratories 
in the world. Comprehensive laboratories operate on large budgets, are university, 
government, community, contract and grant supported. They may employ scores 
of conservation scientists and technicians and originally were constructed from 
the need to support large, state, university, or national projects. Examples of com- 
prehensive conservation facilities include the Canadian Conservation Institute, the 
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Maryland Materials Laboratory, the Texas A & M Laboratory, the CSS Hunley 
Laboratory, the Mary Rose Laboratory, the Vasa Laboratory in Stockholm, the 
Skuldelev Laboratory in Denmark, and the Western Australia Maritime Museum 
Conservation Laboratory. Over the years Comprehensive labs have produced and 
pioneered the techniques that have laid the foundation for advances in the field of 
marine archaeological conservation. 

However, since the majority of these laboratories were built to conserve 
artifacts from shipwreck sites there has been a disconnection in the transfer of 
advanced conservation technology to terrestrial archaeology laboratories. The rea- 
sons for this divide are understandable. The techniques used and pioneered in the 
large comprehensive facilities were intended for water-degraded materials. The 
technical relevance of using marine techniques for dry land excavated materials 
was a largely unexplored question, answered through the experience of smaller 
duel purpose facilities. Mid-sized, complete service laboratories picked up these 
techniques and began to use them for both land and sea recovered artifacts. The 
duel use of these conservation techniques has since proved that the techniques 
originally intended to stabilize water degraded artifacts work extremely well on 
objects recovered on terrestrial sites. 



COMPLETE SERVICE LABORATORIES 

Mid-size Complete Service Laboratories bridge the gap between the large 
comprehensive labs and simple program supporting archaeology laboratories 
known for our purposes as Minimal Intervention Laboratories. Mid-sized com- 
plete service labs pass on this knowledge first by researching different conservation 
methods for their own use and then using and passing on the most efficient, cost 
effective conservation techniques developed by the large Comprehensive Labs. 
Generally speaking. Complete Service Labs have evolved from small program 
supporting university labs by using contracts and grants to acquire and build some 
of the specialized equipment needed. Complete service facilities are often called 
on to handle virtually any conservation problem from terrestrial or underwater 
sites yet their budgets and facilities are not up to the standards of the large com- 
prehensive facilities. Complete service laboratories must rely on only the most 
cost effective dependable conservation techniques, since they cannot afford the 
expense of redundant procedures, equipment, and chemical storage. By-and-large 
the use of toxic chemicals and questionably dangerous procedures has also been 
eliminated at these laboratories for the safety of the student technicians working 
there, and to cut costs in dealing with expensive, perhaps redundant, equipment 
and difficult to handle and dispose of chemicals. Full service labs spend a good 
deal of time in researching conservation procedures that fit within the parameters 
of the laboratory design, philosophy, and budget. A mid-size complete service lab, 
as its name implies, can conserve virtually any artifact, but cannot offer the variety 
of conservation techniques presented by the comprehensive facilities. 
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A Minimal Intervention Artifact Conservation Laboratory 
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MINIMAL INTERVENTION LABORATORY (MIL) MISSION 

MILs include most academic anthropological laboratories, non-profit 
archaeological support laboratories, and laboratories set up to support contract 
archaeology. These aren’t necessarily small laboratories in size, but most of their 
space is devoted to storage of recovered artifacts and very little space is actually 
designated for actively treating and stabilizing artifacts. A MIL can contain acres 
of boxes and shelves yet may not have so much as a fume hood or vapor proof ven- 
tilation fan to facilitate electrolytic reduction of metals. Cleaned, tagged, bagged, 
and boxed, is the traditional conservation method for artifacts curated in these labs, 
a method that needs update and revision if the collections are to stand the test of 
time. 

The methodology outlined in the following chapters for carrying out lab- 
oratory objectives are based on a set of ethical and practical codes derived from 
published conservation sources and accumulated practical experience. The follow- 
ing profile of these principles is set in order of importance and should help shape 
the objectives of a minimal intervention laboratory (Figure 1, page 10). 

1 . Health should never be compromised for conservation. 

2. All treatments should be reversible (Pearson, 1987; ed. Preface). 

3. Use the simplest procedures with the least intervention (Pearson, 1987; 
123). Ramp up treatment procedures as necessary. 

4. Use multipurpose equipment and chemicals. 

5. Do not delay treatment. 

6. Work to the ability of the conservator and the resources of the laboratory. 

7. All work should be documented (Pearson, 1987; ed. Preface). 

8. Normal artifact ageing should not be disguised or removed (Pearson, 
1987; ed. Preface). 

1. Health Should Never Be Compromised for Conservation 

If two or more treatment procedures are shown to be equivalent, or nearly so, 
the procedure demonstrably less harmful on a personal and environmental level 
will be chosen in every case. No object or artifact is worth compromising the 
health or well being of an individual or community. Most treatments and tests 
today can be conducted in a safe non-polluting manner with the artifact left in a 
safe condition to handle on completion of treatment. 

Reasons for this corollary are easily seen. The minimal intervention labora- 
tory is based on simple procedures and equipment and is not staffed or equipped 
to deal with storage and use of major amounts of toxic or dangerous substances 
particularly heavy metal salts used in chemical testing and organic solvents used 
to dissolve bulking or impregnating agents. Nor is the minimal intervention labo- 
ratory ethically able to support expensive and specialized equipment when simple 
inexpensive equipment has proven, in most cases, to be as effective. 
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Obviously this corollary is a matter of professional philosophy, and there are 
times even in the minimal intervention laboratory when flammable solvents and 
dehydrating agents are used. In these instances the dangers will be explained, and 
the proper precautionary measures spelled out. 

2. All Treatments Should Be Reversible 

This is a universally accepted notion in artifact conservation. Viewed in the 
context of generations, any conservation treatment used today has to be viewed 
as a temporary measure. Advances in conservation science will dictate new and 
better treatments in the future and present day approaches will become obsolete. 
It makes sense, therefore, since any treatment attempted today may have to be 
reversed, that this eventuality be planned for in advance. 

It can be argued that on a molecular level that no treatment is fully reversible. 
This of course may be true, it is virtually impossible to rinse every molecule of 
a bulking or impregnating substance from wood cell walls, particularly if the 
chemical has bonded to the wood fibrils and it may also be impossible to remove 
every molecule of a coating from a metallic artifact. 

Yet, reversibility, as a principle, should be adhered to. The argument against 
reversibility on grounds that all chemicals cannot all be rinsed is specious. If it is 
necessary to remove a reversible substance, the few remaining molecules will not 
interfere with the introduction of new treatment substances. And non-reversible 
procedures, even those that show promise in the short run, cannot be tested beyond 
our mortal frame of reference in viewing and caring for artifacts. The artifacts, in 
the end, must be able to survive longer than conservation agents placed in, or on, 
them. 

3. Use the Simplest Procedures with the Least Intervention 

The object of artifact conservation treatment is to preserve the appearance, 
internal microscopic integrity, and dimensions of an artifact as far as possible. 
Often, at least at a large comprehensive conservation laboratory, there are several 
conservation methods available per material type. 

This is not the case at a minimal intervention lab. A minimal intervention 
lab will use the easiest, non-toxic procedures and techniques to insure that the 
laboratory will be cost effective. Minimal intervention labs will not have redundant 
equipment, multiple chemicals that have similar uses, or technicians trained in 
complicated, toxic, or costly and superfluous procedures. This will save money, 
time, effort, and laboratory space. It will also save intangibly by eliminating storage 
space for chemicals and used toxic chemicals. But even simpler laboratories can 
ramp up their treatments to satisfy the needs of individual artifacts, either by 
adding more treatment time, or gradually increasing the strength of solvents and 
stain removers. 
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Minimal intervention implies that an artifact will undergo the least cleaning, 
handling, and treatment needed for its complete stabilization. This will save time 
and artifact handling per unit making the lab more efficient in artifacts preserved 
per conservation man/hour. Efficiency can be important in a lab suddenly inundated 
with artifacts, as is periodically the case. 

The simplest procedures do not, by any stretch of the imagination, suggest 
that the artifact conservation has been compromised. To the contrary, the basis of 
this manual is the concept that all treatments have been studied according to stabi- 
lizing performance, cost, need for equipment, and simplicity. The best treatments, 
given the parameters of a minimal intervention non-toxic lab, are presented in this 
manual. 

4, Use Multipurpose Equipment and Chemicals 

The minimal intervention lab should be set up as efficiently as possible. 
Laboratory organization suggested in this manual takes into account the varied 
procedures for different materials and invariably promotes the technique that is 
most adaptable to different materials. For example, multiple electrolytes (acids 
and bases) have been suggested in conservation literature depending on type of 
metal to undergo treatment. Yet arguably, non-toxic sodium carbonate acts equally 
well for all metallic electrolysis. Sodium carbonate can also be used for metallic 
artifact pre-treatment, and combined with sodium bicarbonate acts as a rinse and 
post treatment for several metals. It is an easy choice for electrolyte at the minimal 
intervention laboratory, saving space, clutter, and complexity. 

Polyethylene glycol (PEG) and sucrose are proven non-toxic bulking agents. 
They do not wear out by the time a treatment is finished and in fact, it has been 
observed that they remain viable for years after their first use. An efficient labo- 
ratory will simply evaporate the water from the treatment solution and use both 
the PEG and sucrose over again and again. This efficiency will lead to greater 
laboratory cost savings, simpler techniques, and less clutter for additional work 
place safety. 

5, Do Not Delay Treatment 

Conservation laboratories cannot always keep up with the volume of mate- 
rial excavated. This is particularly true when conservation planning has not been 
thoroughly calculated into the research design of a project. Backlogs of material 
and delayed treatment times become the unfortunate outcome of such planning. 
Treatments may also be delayed because some individual artifacts pose incredibly 
difficult conservation dilemmas and are placed on the “back burner” while less 
difficult to treat artifacts are finished. 

As mentioned, most artifacts reach an electro-chemical equilibrium with 
their environment over time. Excavation and or removal of an artifact from this 
balanced environment upsets this equilibrium and usually begins the decay process 
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at an accelerated pace. Artifacts often survive for centuries on site better than a few 
months or years in storage awaiting treatment. It is the conservator’s duty to process 
artifacts in a timely manner. If treatment delay is a reoccurring problem, overall 
project research design and site excavation methodology should be reevaluated. 

6. Work to the Ability of the Conservator and the Resources 
of the Laboratory 

This ethical code is a real test of personality. Some conservation techni- 
cians will take on projects that are well beyond their experience and expertise, 
while others will call for help immediately when the unexpected happens. Mini- 
mal intervention lab technicians need to work between these extremes. Working 
beyond experience level can lead to disaster, and cannot be recommended for valu- 
able, important, or non-robust artifacts. On the other hand, valuable experience can 
be acquired through technical lab practice in preserving multiple redundant arti- 
facts (example; a keg of nails). Chances are, even practice or classroom training 
stabilization is more attention than most artifacts will ever receive. 

All laboratories, however, have their limits. A laboratory fitted with the finest 
equipment is only as good as its conservator and no conservator has done and seen 
everything. The best conservator’s know when an artifact is beyond their experience 
or the accumulated experience of their research library and will network with other 
conservators to find a solution, or refer an artifact to a more specialized laboratory. 

7. All Work Should Be Documented 

In the long view of things even the best conservation methods are probably 
no more than temporary fixes. Even the most stable artifact may undergo changes 
in storage. Few conservators would be foolish enough to guarantee their treatments 
will continue to stabilize an artifact forever; chemical agents break down over time 
with minute variations in humidity, light intensity or handling. This is another 
strong argument for corollary number two, that all conservation techniques should 
be reversible. The first step in re-treating an artifact would be the removal of 
whatever remains of the original stabilizing or coating material. 

Conservation documentation, or the idea of recording all of the steps used 
to store, clean, and treat an artifact is a vital step in its life long curation. This will 
allow conservation technicians to plan further conservation treatment and reverse 
any adverse affects of the original treatment attempt. 

8. Normal Artifact Agiug Should Not Be Disguised or Removed 

As far as possible original dyes, paints, inks, stains, gilding, wear marks, 
tool marks, the macro, and micro-structure of an artifact, should not be changed 
or removed. Decayed parts of an artifact should be stabilized and conserved, not 
replaced. If it is necessary to replace a section of an artifact for mechanical strength 
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or stabilization, it should be done of material that can easily be removed and 
contrasts in color or texture significantly from the original artifact in order that 
observers not mistakenly conclude the artifact is intact. 

These principles guide the choice of conservation technique and procedure 
at a minimal intervention laboratory and should allow conservators to treat artifacts 
against decay while also protecting themselves and the environment. These codes 
also act as a filter from which the hundreds of treatments available can be reduced 
to only those few that meet the needs and obligations of the minimal intervention 
laboratory. If another principle is needed to supplement the first eight, it would be 
that conservation is 50% informed inventiveness and 50% common sense. 



WET LAB— ARTIFACTS ENTER 

Minimal intervention artifact conservation facilities can be fabricated virtu- 
ally anywhere or of any size building or room so long as there is adequate floor 
space to meet the design needs of the lab. Regardless of the size of the labora- 
tory it is usually necessary to divide whatever space is available into Dry Lab 
Facilities and Wet Lab Facilities in order to separate the two major environmen- 
tal components of conservation. Most household kitchens would make adequate 
labs and already contain most of the tools and equipment necessary for minimal 
intervention conservation. The hypothetical laboratory shown in Figure 1 could 
be described as no more than a kitchen (Dry Lab Facility) and a garage or storage 
area (Wet Lab Facility). 

Generally speaking, artifacts are brought from the held into the Wet lab 
facility for storage, cleaning, and treatment, after which they pass to the dry lab 
facility for dehydration and protective coating. Most conservation treatments use 
three stages depending on material type. The first is a deep cleaning or sometimes 
an electro-chemical cleaning of an artifact. This removes contaminants from the 
interior as well as the surface of an object. Neutral chemical agents are at times 
added to maintain an object’s shape. Finally applications of consolidants and pro- 
tectants strengthen the artifact and guard against further oxidation or hydration. 
Most of the deep cleaning and the introduction of bulking and impregnating agents 
to maintain an artifact’s shape are procedures done in the wet lab. 

An examination of the wet lab facilities in Figures 1 & 2 (pages 10 and 11) 
reveals that most of the area is occupied by artifact pre-treatment storage. Metallic 
artifacts and those recovered from wet environments need to be kept wet in a 
stabilizing solution while non-metallic artifacts recovered from dry environments 
need to be kept dry until treatment commences. Laboratories that will treat both 
wet and dry recovered material will need both tanks and dry shelf storage. 

Nearly any type of tank will do for wet artifact storage including plastic 
or galvanized metal. Agricultural feed troughs can be large and cost effective. 
It should be noted that if artifacts are stored in metal tanks that the tank should 
be lined in plastic or the artifacts placed in non-conductive containers to prevent 
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galvanic coupling (see Chapters 3, 4, and 5). Galvanic coupling occurs when two 
dissimilar metals come into contact to create corrosion via electron transfer. Metal 
tanks are also easier to maintain if they are raised above the floor on wooden, 
cinder block, or brick platforms to prevent corrosion induced by floor spills and 
cleaning. 

Shelving should be strong, stable and fastened to a wall or floor to prevent 
accidental destruction of stored artifacts. Though any material will do for shelving 
it should be noted that use of metal shelving will require that metal artifacts be 
placed on non-conducting platforms of wood or plastic. Artifacts should not touch 
other artifacts while in pre-treatment storage and should generally be organized 
by material type. 

The second largest space used in the wet lab is for sinks and workbenches. 
This also includes space set aside outdoors for concretion removal and rough 
artifact cleaning, a particularly dirty task best done well away from the rest of the 
facility. The compressor is used to operate air scribes and bead blasters, two very 
good methods for mechanically cleaning metals. If floor space is at a premium, 
vertical air compressors take up little space. Running water is essential in the wet 
lab to fill storage and treatment tanks. Running water is also essential in many of 
the rinsing processes that take place in the wet lab. 

Water is one commodity the wet lab cannot have too much of. The wet 
lab facilities on page 10, have four types of water, all of which are useful in 
various treatments. Tap water can be used in initial rinses and for cleaning the 
facility (a never-ending task in itself). But tap water contains varying amounts 
of chlorine (depending on the municipality). Chlorine or chloride ions, even in 
small amounts, are particularly destructive in the breakdown of certain materials 
including metals, ceramics, and organics. Rinsing chlorides from artifacts is a large 
part of many treatment processes. Therefore, both distilled and deionized water 
are manufactured in the wet lab and stored in containers for ready use. 

Distilled and deionized water are virtually interchangeable in many rinse 
processes since they both contain very few chloride ions. Both can be manufactured 
with elaborate scientific equipment or by fairly simple arrangements. Deionized 
water is produced by filtering tap water through a deionizing unit that consists of 
a plastic cartridge in which tap water is introduced at one end and deionized water 
emerges from the other. These units are cheap, simple to operate, and are available 
through scientific equipment catalogues. Stills to produce distilled water are also 
available through scientific equipment catalogues but tend to be expensive. An 
alternative is to collect the water produced by a dehumidifier or air conditioning 
unit. This water, depending on the cleanliness of the coils in the unit, is virtually 
chloride free and will suit the purposes of minimal intervention lab for a fraction 
of the cost of distilling water. 

Another low chloride water source is rainwater. Rainwater tends to contain 
some chlorides (in coastal areas), but not nearly the amount found in most tap 
water. Rainwater is free, and acts as a good intermediate phase rinse solution 
between tap water and deionized and distilled water. Cisterns to catch rainwater 
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are easily constructed of a plastic barrel situated at the bottom of a roof’s gutter 
and rainspout. 

Solvent storage for acetone and denatured or methyl alcohol will also be 
needed in either the wet or dry lah facilities. Solvent storage is subject to building 
and chemical codes and may need to be stored in a flame resistant metal locker des- 
ignated to hold flammable liquids. It can also be contained in portable flammable 
liquid containers with the contents clearly marked on both the cabinet and the 
container. 

Additional needs of the wet lab include a vapor proof ventilation system that 
pulls fresh air into the lab and exhausts the internal air outside. The ventilation 
system does not have to he powerful, just strong enough to circulate the laboratory 
air on a regular basis. Minute amounts of hydrogen and oxygen are given off 
during the electrolytic rinsing process for metals. Though the amounts of these 
gases given off are negligible their concentration in one area could prove explosive 
should there be a trigger. Smoking and production of flame of any kind should be 
discouraged in the wet lab. 

The hypothetical facilities on page 7 contain some equipment that a minimal 
intervention facility may not need, but are deemed extremely useful. For example, 
a MIL can do without a compressor with head blasting and air scribe capabilities, 
this type of work can be done with time and effort using hand tools (dental picks, 
scalpels, or an electric scrihe), it is simply much more convenient and cost effective 
to operate the compressor and its accessories if they are available. Labs often start 
as bare-bones facilities and upgrade when funding becomes available. A lift for 
heavy artifacts and a means to carry heavy bags of electrolyte or barrels of bulking 
agent will also be convenient. Hydraulic engine hoists for heavy artifacts and hand 
trucks are economical and more than sufficient to move supplies. Those unfamiliar 
with artifact conservation are often surprised to find that some areas of an artifact 
conservation facility are far removed from the stereotypical laboratory and create 
a setting more akin to a factory. In this environment common sense concerning 
the movement and storage of both artifacts and conservation supplies is a must. 
Common sense must also apply to layout and organization of the wet lah both for 
the efficiency of the lab and the safety of the conservation technicians working 
there. Storage of supplies is not shown in the hypothetical wet lab diagram, and 
of course it is completely dependent on the facility but much can be done in 
any lab to cut down inefficiency by removing redundant chemicals and recycling 
others. 

Chemicals and hulking agents such as polyethylene glycol and sucrose can 
be reused time and again. The Bulking Agent Recovery Tank (BART) and storage 
system shown helow will recycle PEG and sucrose multiple times. BART is a large 
system but it demonstrates how a similar yet smaller system could he used at a 
minimal intervention lab to recover and recycle valuable bulking agent, while at 
the same time limiting the amount of storage space needed for chemical agents. 

Finally the Bulking or Impregnation Treatment Tank can he fabricated from 
a metal agricultural tank wrapped outside in foil buhhle wrap insulation and 
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Eigure 3. The Bulking Agent Recovery Tank (BART) system at the artifact laboratory, Program in 
Maritime Studies, East Carolina University. Bulking and impregnating agents are filtered, pumped into 
the central tank where the water is evaporated through a central vent fan. The agents are then gravity 
feed to storage tanks on either side of the evaporation tank. PEG and sucrose can be used for many 
years. Photograph by Chris Valvano. 



supported off the floor on wooden blocks or pallets. Wooden artifacts will soak 
in bulking or impregnating agents for up to a year duration as they absorb a spe- 
cific amount of PEG or sucrose. Though the tank will work simply by placing the 
artifacts and chemical in it, it will work faster and more efficiently if it is heated, 
circulated, insulated, and covered. Scientific heaters and circulators are available 
for this purpose at tremendous cost. Alternative heaters and stirring devices are 
easily obtained through the imaginative use of restaurant sink heaters, waterbed 
heaters, and fish tank filters. Other very usable stirring devices include electric 
fish trolling motors; inexpensive to buy, reliable for years, and easily powered by 
alO amp battery charger. For safety sake the leads to the trolling motor should be 
spliced permanently into the battery charger cables; positive to positive (red) and 
negative to negative (black). 

When artifacts have been cleaned and treated in the wet lab it is time for their 
transfer to the dry lab for final treatment and dehydration. The two-lab concept is 
simply that: — a concept. In reality the two labs can be in the same room or the 
same building, it is the atmospheric separation of processes that is most important 
and easily brought about by physical separation. 



20 



CHAPTER 1 



DRY LAB FACILITIES— ARTIFACTS FINISHED 

The dry lab facilities depicted in Figure 1 are required to dehydrate, con- 
solidate, and place a protective coating on objects that have been deep cleaned 
and treated in the wet lab. The dry lab is also the area where an artifact can be 
closely examined for maker’s marks, fabrication detail, wear patterns, and other 
micro-excavation details. A magnification table complete with 3X lighted mag- 
nification lens and microscope is a necessity for careful examination of artifacts 
but not completely necessary for the conservation and stabilization of an artifact. 
A balance beam is also a convenient tool to weigh artifacts during analysis and is 
perhaps more a conservation necessity than either of the aforementioned items. Yet 
all of these instruments are very useful and by necessity have to remain separate 
from the damp and sometimes dusty conditions that prevail in the wet lab. Should 
space and equipment be available some additional but non-essential facilities could 
include offices, a dark room, bathroom, artifact storage, a wood shop, a classroom 
and library, and separate microscope lab. 

The heart of the dry lab facilities is the enigmatic stove and oven that combine 
with the freezer refrigerator to give the facility its kitchen like atmosphere. In 
academic settings the stove and oven are being replaced with scientific versions 
that serve the same function at many times the expense. The range hood is also 
being replaced with a scientific fume hood. The oven will be used to dehydrate 
metals and desiccate other material while the burners will be used to melt micro- 
crystalline wax used to dehydrate and coat metals. 

The refrigerator acts as a store for recovered organic material while the 
freezer will be used to freeze-dry selected organic and other pre-treated artifacts. 
The vaunted vacuum freeze drying systems, seen in the 1980s as magic conser- 
vation bullets, proved expensive and only as successful as their pre-treatment, 
certainly little better in practical terms than atmospheric freeze-drying. In theory 
freeze-drying allows frozen water in an object to evaporate gradually through sub- 
limation, turning directly from a solid to a gas. Sublimation bypasses the liquid 
phase that creates so many problems for artifacts (see Chapter 2 and 7 waterlogged 
Wood and Organics Other than Wood). Vacuum freeze-drying never lived up to 
its potential and its initial costs are prohibitive for a minimal intervention labora- 
tory. Less expensive equipment such as the Relative Humidity Chamber (RHC) 
has demonstrated very good results in the dehydration of pre-treated wood and 
organic material. The relative humidity chamber can be built in house, at a fraction 
of the cost of a vacuum freeze-dryer. 

The RHC dehydrates pre-treated organic material and wood by allowing it 
to slowly dry. Slow drying after a pre-treatment in bulking or impregnating agents 
lessen the effects of sudden drying (see Chapter 2 Waterlogged Wood) and permits 
a gradual reintroduction of the artifact to a normal atmosphere. A relative humidity 
chamber can be any sort of large container, preferably plastic, that can be opened 
to receive an artifact and then sealed to contain humidity. A plastic agricultural 
tank cut out and fitted with a shower curtain over the door works well. Ideally 
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the chamber would contain a humidifier that can be turned on from outside the 
chamber (operation of the chamber is explained in Chapter 2). 

The Hot-Box is another specialized piece of equipment that is easily fab- 
ricated from an old refrigerator or freezer that no longer works. A light bulb is 
installed in the hot box that acts as a heat source. Temperature control is a matter 
of adjusting the light bulb wattage, the higher the wattage the hotter the box. The 
Hot-Box will work well for bulking smaller wooden or organic objects that don’t 
need the large volume treatment tank located in the wet lab. 

Chemical storage is essential in the dry lab. Acids or oxidizing agents are 
located on separate shelving from reducing agents (bases) to lessen the chance that 
a spill will result in disaster. Storage shelves for these chemicals are also strong 
and secured to the wall or floor. All chemical containers on the shelves of these 
storage units should be clearly marked for content and rest in chemically resistant 
spill trays in case of leakage. 



SAFETY 

Safety in the conservation laboratory is largely a matter of common sense, 
organization, and tidiness. Safety issues at the minimal intervention laboratory are 
not as great as those in more sophisticated laboratories. But safety does remain 
an issue even at a minimal intervention lab with few toxic substances. This is 
particularly true since falls and eye injuries remain the largest type of accident 
reported in a lab. An uncoiled hose, or a beaker filled with a solvent placed on 
the edge of a counter top can always be a problem given the proper unlucky 
circumstances. Fortunately, proper safety habits can cut down on the risks and 
accidents can usually be avoided before they happen with proper common sense 
habits, like picking the place up after work has been done. 

The first safety rule in any lab is the wearing of safety glasses. Safety glasses 
not only protect the wearer from injury from direct flying objects, but perhaps most 
importantly, from objects that are flying from unknown angles. This is particularly 
important in a small lab where the actions of one technician flaking concretion can 
easily injure another technician nearby. Eye wash stations are also a must in both 
the dry and wet lab. These can be inexpensive portable units that hang in clearly 
marked wall spaces or they can be built into the plumbing of the laboratories 
themselves. 

Rubber gloves, protective coveralls, and breathing masks are also a good 
idea depending on the processes and chemicals that are being handled. Even a low 
toxicity lab will contain some chemicals or solvents that can irritate eyes, skin or 
throat. In the end it is a good habit to treat all chemicals and substances in the lab 
with respect and care. Sloppy technicians will injure unintentionally by spilling 
substances and not cleaning after themselves. The next technician will unwittingly 
rub their eye after encountering a days old spill. Cleanliness is the second safety 
rule at the minimal intervention lab. 
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Every laboratory should maintain an inventory of every chemical on site. 
Data sheets for these chemicals can be obtained from the health and safety unit 
assigned to your lah and Material Safety Data Sheets (MSDS) will be issued for 
each of these chemicals. The MSDS will list the toxicity and characteristics of 
these chemicals and should be consulted should any questions arise concerning a 
substance that will be used or should a technician attempt a new procedure. Posting 
and use of the MSDS is rule three. 

Fire extinguishers are placed at strategic points in both labs and near each 
clearly marked exit. Properly trained safety technicians will check fire extinguish- 
ers on a regular basis and their inspection dates posted on the fire extinguisher. 
Melted wax treatments on the stove will be under continual surveillance from the 
technician performing the procedure and the stovetop can NEVER he left on while 
unattended. 

Where possible in this manual safety issues will be brought up in the general 
discussion of treatment procedure but no manual or warning can take the place of 
common sense in both the arrangement and operation of a laboratory. Safety is also 
an ongoing issue that is enhanced with the continual feed back of the technicians 
working in a lab. It does no good to observe a problem without suggesting a solution 
and acting on it. It is a cliche, but safety in a laboratory is the responsibility of 
every person that walks in the door. 



CREATING THE MINIMAL INTERVENTION LABORATORY 

The suggestions outlined in this chapter are intended as a general guide, not 
as a technical plan to create a laboratory. Imagination, know-how, and common 
sense will permit conservation technicians to create or add laboratory space and 
capability as they see fit or as money and time permit. The theoretical minimal 
intervention laboratory diagramed in Figure 1 and described in this chapter is 
simply a pattern or model, just as The Archaeologist Manual for Conservation 
is a tool. A laboratory is always more a process than a structure. It grows and 
changes as the conservators and technicians gain experience and knowledge, or as 
is often the case; when they have to grow to support the expanding needs of an 
archaeological program. 

It is hoped this manual will give conservation technicians and conservators 
a new instrument from which they can expand their concept of conservation and 
implement new conservation techniques or refine those already in place. Vast num- 
bers of archaeological artifacts lie in storeroom boxes, seemingly out of sight and 
out of mind, but few have truly been stabilized through surface cleaning and stor- 
age. This manual should permit archaeological conservators to reevaluate conser- 
vation at their laboratories add new techniques and methodology to their repertoire 
of procedures, or create a facility capable of conserving artifacts recovered from 
virtually any site environment. 
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WOOD FORMATION AND DEGRADATION— THEORY 

Wood technology and tool making has surpassed virtually all other human worked 
materials in variety of use and multiplicity of properties. On many archaeological 
sites, wood, or wooden remains, make up most of the primary artifacts, hence its 
inclusion in this manual as the first material type. Wood is a durable easily worked 
organic material produced by trees and shrubs. Human tool manufacturing in wood 
likely pre-dates culture and language. It was used to make a multitude of diverse 
artifacts from weapons, homes, and shelters, to musical instruments, shoes, and 
ships. But in order to understand wood use in tools and artifacts it is necessary to 
understand some of wood’s characteristics as well as its make-up. 

Wood, like some modern materials such as plastic, has many different traits 
and each wood type had its historical use. For example, white oak is strong, 
durable, and reasonably waterproof but its too brittle make a good bow or handle 
for a digging tool and lacks the flexibility of yew or ash. Elm is renown for its mallet 
head endurance and yellow and white pines were easily worked and flexible but 
not exceedingly durable or strong. Other woods such as cedar are both strong and 
long lasting in a variety of uses. Pre-modern people were taught the value of each 
type of wood according to cultural need. Therefore, in all its variety of species, 
wood cannot truly be looked upon as a homogenous substance, but rather as a 
group of materials with varying properties used to produce a myriad of artifacts. 

A good deal of research has been conducted on archaeological wood. Some 
of the classic inquiries include H. J. Plenderleith and A.E.A. Werner’s, The Conser- 
vation of Antiquities and Works of Art, 1956, or A. J. Stamm’s earlier work on the 
search for a water soluble wax. Other articles include Brorson Christensen and J. de 
Jong’s prolonged search for methods to classify the degradation of archaeological 
wood. Another classic reference found in most museums is, B. Muhlenthaaler, Lars 
Barkman, and Noack’s Conservation of Waterlogged Wood and Wet Leather, 1973. 
Yet archaeologists and conservators are not the only people interested in archae- 
ological wood. Until fairly recently wood anatomy and taxonomy have been the 
exclusive purview of biologists and wood scientists who have also produced good 
reference works such as A.J. Panshin and C. de Zeeuw’s, Textbook of Wood Tech- 
nology, 1970, which is a very useful aid in the microscopic identification of wood 
species. 
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Wood taxonomy breaks down all species into three categories, monocotyle- 
dons, hardwoods (dicotyledons and angiosperms), and softwoods (gymnosperms 
and coniferals). Most archaeological artifacts are made of hardwoods or softwoods, 
though monocotyledons such as palm and bamboo were used in the tropics. Hard- 
woods include birch, oak, elm, beech, cherry, hickory, maple, willow, walnut, and 
sweet gum to name a few, and all of these tree types come in more than one vari- 
ety. Softwoods include the many varieties of pines, fir, spruce, hemlock, redwood, 
cedar, and larch. Generally speaking hardwoods are more dense and complex than 
softwoods. 

Looking at a log that has been crosscut or sectioned from the outside inward 
you first notice the protective bark on the outside. Just inside the bark is a thin 
layer, usually less than an inch in thickness called the cambrium or sapwood. This 
layer is the only living part of wood and is made up of phloem cells that conduct the 
food manufactured in the leaves to the remainder of the tree and the roots. Inside 
the cambrium is the heartwood made up of xylem cells that conduct water from 
the root to the upper extremities of the tree. The heartwood is what we are most 
concerned with as conservators as this is the structure of the tree that is most useful 
for manufacturing tools and artifacts. Radiating out from the heartwood are rays 
consisting of ray cells that help distribute water from the roots throughout the tree. 

Inside the wood tree cells are arranged longitudinally except for the ray cells. 
Since the phloem is the only living part of a tree trunk the wood is successively 
formed of phloem cells. Each year as these cells die they are surrounded by another 
year’s growth and move to the interior of the tree forming the heartwood. These 
wood cells, called tracheids, are bean pod shaped, closely bundled together, and 
gathered around vessels that permeate the wood. Wood cells are largely hollow. 
The cavity in the wood cell is known as a lumina. Early wood (spring growth) cells 
are larger and longer than late wood (late summer and fall) cells that tend to be 
smaller with thicker cell walls. Early wood appears light colored while late wood 
looks dark giving wood its distinctive annular rings. Softwood tracheids are up to 
7mm long in early wood and 25-80 microns (1 millionth of a meter) in diameter 
shrinking to 5 microns by late season. Hardwood tracheids are smaller and denser 
at up to 1.5 mm in length and varying 1 to 10 microns in diameter depending on 
the season (Pearson, 1987; 57). 

Wood cells are made of complex carbohydrate molecules of cellulose, hemi- 
cellulose, lignin, and holocellulose. Cellulose is by far the most important of these 
molecules and makes up the greatest percentage of a wood cell. Cellulose molecules 
join together to form micro-fibrils that in turn, create macro-fibrils thaf give wood 
cell walls their strength and durability. 

Tracheid cell walls are permeable to an extent depending on the bordered 
pits. Pits are holes in the cell walls that allow water to pass through from one cell 
to the next, but only if the valve (margo and torus) in the pit is open. On dying 
early wood cell pits close off (aspirate) while late wood pits remain open (non- 
aspirated), leading to the contradiction that although late wood is denser than early 
wood, it is also more permeable. 
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Figure 6. Wood is mainly comprised of the complex carbohydrate cellulose. Micro-fiber directions 
in the secondary cell wall (S1,S2,S3) are responsible for the overall drying behavior. Illustration by 
Nathan Richards. 



Wood cells contain a primary cell wall and the secondary cell wall. Conser- 
vators are most concerned with the secondary tracheid wall as it is accountable for 
most of wood’s strength. However, the secondary cell wall is also subject to the 
greatest damage. 

The secondary cell wall is arranged in three distinct layers SI, S2, and S3. 
As can be seen in the illustration the fibril orientation of each of these layers is 
different as is the thickness of each layer. S2 dominates the secondary cell wall and 
the hbril direction spirals longitudinally around the core of the wood cell. The S 1 
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and S3 fibrils lay nearly perpendicular to the longitudinal direction the wood cell. 
The orientation of the fibrils is key to how wood expands and contracts with water 
absorption and desorption. Since S2 dominates, wood generally expands more in 
cross section than lengthwise when it absorbs water. 

Cell walls are subject to breakdown through physical weathering, the actions 
of micro-organisms, or chemical dissolution through acids, alkaloids, and pollu- 
tants. In fact, the structure and preservation of the largest of the secondary wood 
cell layers, S2, determines to a great extent how the wood in any given artifact has 
held up over time. 

The orientation of the secondary wood cell wall fibers also determines that 
damage to wood will manifest in shrinkage and collapse in three directions. Tan- 
gential and radial shrinkage will be greatest if the S2 layer is damaged and lon- 
gitudinal shrinkage will manifest if SI and S3 are greatly damaged. Collapse and 
shrinkage are technical terms used to describe how water interacts with archaeo- 
logical wood. The water logging process permanently damages wood causing it 
to collapse and shrink when it dehydrates. The amount and direction of collapse 
and shrinkage are indicators of how badly damaged the wood is on a microscopic 
level and which layers have sustained the greatest impact from the waterlogging 
process (see section on waterlogging). 




Tangential 



Figure 7. The three directions of collapse and shrinkage in Archaeological Wood. Illustration by 
Nathan Richards. 



ARCHAEOLOGICAL WOOD 



39 



ARCHAEOLOGICAL WOOD— THEORY 

Archaeological wood can be highly degraded or may be no different than 
the stout objects we use or come into contact with everyday. Wooden artifacts are 
obviously much older than the sort we deal with daily and may show their age in the 
form of structural weakness, cracking, discoloration, face checking, or a weathered 
appearance. In most instances archaeological wood has been attacked by living 
organisms on both a microscopic and macroscopic level, causing a weakening in 
its structure and possibly the destruction of its outer surface. Bacteria and fungi 
living in the ground will digest the complex carbohydrates that make up the wood 
and it will decay depending largely on the moisture content and drainage of the 
soil. Other creatures such as termites can quickly destroy and consume artifacts 
made of wood. 

Various chemical pollutants and acids can also break down wood lying in the 
soil while acidic metallic salts from corroding metal may break down wood at a 
cellular level and even mimic the shape of wood cells that it has replaced. Still other 
wooden artifacts interred below the water table, in lakes, rivers, or oceans, are likely 
to be waterlogged. Dry, waterlogged, wet, or even damp wood recovered from an 
archaeological site will need the attention of the Minimal Intervention Laboratory 
staff. It cannot be assumed by appearance alone that wood is stable and needs no 
further conservation treatment. The inclusion of metal fasteners, stains, and dirt 
likely mean that some form of conservation intervention must be considered. 



WATERLOGGED WOOD THEORY 

Waterlogged wood can be defined as wood that contains little or no interstitial 
air in its cellular spaces, capillaries and micro-capillaries. It has also been altered 
(weakened) by the micro-degradation of the cell walls. Waterlogged wood demon- 
strates a moisture content (MC) at or above the fiber saturation point (FSP) or that 
point at which all wood fibers and micro-fibrils in fhe cell walls are saturafed with 
water. On dehydration waterlogged wood can exhibit cellular collapse at or above 
the FSP as water rushes out of the wood cells one at a time. The sudden rush of water 
from the interior of the cell is not easily described and best seen through a micro- 
scope. Since water exhibits a high cohesiveness (capillary tension) it pulls the wood 
cell walls inward as it rushes out of a cell collapsing the wood cell in a microscopic, 
yet violent act. Collapse is easily observable with the naked eye in waterlogged 
archaeological wood that is allowed to dry, as fissures and cracks appear suddenly 
in the structure of the wood. Even wet or damp waterlogged wood will collapse if it 
is allowed to rest in the atmosphere without constant dousing with water. Capillary 
tension collapse is a permanent condition in dehydrated waterlogged wood. Wood 
cells, even on rehydration will not expand to their previous size. 

Further dehydration below the fibre safuration poinf will lead fo Shrinkage of 
fhe cell walls and further distortion of dried waterlogged wood. Shrinkage, unlike 




40 



CHAPTER 2 



collapse, is to some extent reversible on re-hydration. It can be defined as the loss 
of water in the cell wall through evaporation. This water is normally locked into 
the cellulosic hbrils but can evaporate in dry conditions. 

Green wood or unseasoned wood, even with a considerable water content, 
contain air pockets within the tracheids. These air pockets expand on dehydration 
allowing water to leave green wood cells without causing the tremendous cap- 
illary tension pressure responsible for the collapse of waterlogged wood. Green 
wood does exhibit some reversible shrinkage of the cell walls on complete or near 
dehydration and both green and waterlogged wood swell 8% to 12% when fully 
saturated depending on specie. 



IMPREGNATION AND BULKING— THEORY 

Capillary tension collapse and shrinkage complicate the process of treating 
waterlogged wooden artifacts. It is easy to see in the flow chart on page 60 that 
the procedure for treating waterlogged wood is far more complex than that used to 
treat dry recovered archaeological wood. Conservators treating waterlogged wood 
attempt to arrest or mitigate collapse and shrinkage and add strength to the artifact, 
to maintain its dimensions and appearance. 

There are essentially two methods for conserving waterlogged wood, 
impregnation and hulking. Impregnation is defined as the filling of all wood spaces 
and wood cells with an inert material that hardens upon drying in order to add 
strength to the wood and at the same time reduce capillary tension collapse. Col- 
lapse is reduced when the impregnating agent demonstrates less surface cohesion 
than water. Impregnation is reserved for waterlogged wood that is in very had 
condition, where much of the cellulose in the cell walls has been destroyed and 
removed. Impregnating agents include polyethylene glycol (PEG) of molecular 
weight greater than 1000, alum, rosin, harium borate, and monomers that can be 
polymerized within the wood. 

Bulking is a less drastic procedure than impregnation. It can be dehned as 
the insertion of an inert material into the cell walls to replace missing cellulose in 
order to strengthen the wood cell walls and make them more resistant to collapse 
and shrinkage. As with impregnating agents, hulking agents reduce collapse hy 
lessening water’s surface cohesion. Bulking is used on waterlogged wood that 
has little to moderate microscopic damage and still retains much of its cellulose. 
Bulking agents include PEG with molecular weight less than 1000, various sugars, 
salts, or vinyl monomers. 

Bulking and impregnation are proven and highly successful treatments in 
the conservation of waterlogged wood, the difficulty for the conservator lies in 
choosing which treatment to perform. In some instances the choice is easy, highly 
degraded wood is impregnated and very lightly degraded wood is bulked. Eortu- 
nately there are objective tests and analysis available to help make this decision. 

Wood analysis is a continuing theme is waterlogged wood conservation 
research. Pioneers such as Lars Barkman, Moren and Centerwall, R. M. Organ 
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and A. J. Stamm all agreed that the problem with waterlogged wood is that it is not 
uniform, but rather a combination of sound and degraded wood. Although these 
researchers agreed that analysis should determine the type of treatment, laboratory 
tests were not standardized. Experimental tests followed objective or subjective 
paradigms but for many years did nothing to solve the problem presented by water- 
logged wood. Finally however, in the 1970s, J. de Jong, assigned moisture con- 
tent (MC) to B. Christensen’s three subjective waterlogged wood classifications, 
and for the first time produced a simple and useful way to analyze waterlogged 
wood. 

Christensen Classification deJong Classification 

A. Very Soft— Little Cellulose I. >400% MC 

B. Thin Zone— Little Cellulose, II. 185%^00% MC 

Consistency of Old Rope 

C. Little Deterioration — Non-permeable III. <185% MC 

Within a decade, David Grattan of the Canadian Conservation Institute 
upgraded wood analysis by suggesting that specific gravity (SG - density mea- 
sured in grams per cubic centimeter) comparisons to known speciated wood values 
actually provide the best indicator of the deterioration of waterlogged wood. In 
other words Grattan compared the weight of dried waterlogged wood samples to 
the known values for the same sized sample of a particular species and deduced 
theoretically how much wood (cellulose) was missing. 

Archaeologist/conservators are the beneficiary of this important research 
conducted on waterlogged wood analysis. The methodological analysis section 
of this chapter divides waterlogged wood into Christensen and deJong’s three 
categories using both moisture content and wood description. The manual goes 
on, however, to use cellulose content (a product of Grattan’s specific gravity) as 
a third determiner. These descriptors are easily determined and should enable 
conservator’s and technicians to divide artifacts into those to be bulked, those to 
be impregnated, and those that will receive both treatments. 



METHODOLOGY 

As this chapter moves from a theoretical look at wood taxonomy and struc- 
ture to the actual methodology of conservation, some major concepts should be 
kept in mind. First, all artifacts are different, so treatment procedures are to some 
degree subjective and must be modified for each object, this is the art of conserva- 
tion. Many treatments are intrinsically harmful to an artifact for a short period so 
treatment effects must be limited to a specific area on an object or the treatment 
must be discontinued when it is observed that the object is being harmed. 

Simply handling an artifact can cause damage and unfortunately all arti- 
facts must be handled for successful treatment (clean cotton gloves are always a 
good idea in handling artifacts undergoing treatment). Therefore, a conservator 
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must always carefully observe an object before and during treatment and compare 
any possible harm to probable good. This is particularly true during the clean- 
ing (mechanical and stain removal) and the treatment phase. There is always that 
point where the good done by removing the last grain of dirt, or the last indication 
of stain; is undone by the damage that may be brought about through handling 
and over aggressively treating an artifact. Acumen based on experience and com- 
mon sense is a good trait in a conservator or conservation technician. At times a 
judgement call is necessary to dictate when a treatment is finished. 



STORAGE OF DRY ARCHAEOLOGICAL 
WOOD— METHODOLOGY 

Archaeological wood recovered from a land site can be in virtually any 
condition imaginable. If it appears to be in good condition and has not been recov- 
ered from below the water table it should be gently cleaned with a paint brush 
and wrapped in plastic and carefully boxed for its return to the archaeological 
laboratory. At the lab the plastic should be removed or opened to avoid water 
condensation build up and resulting soaked areas inside the plastic. Plastic is a 
durable inert non-acidic material and should always remain between the artifact 
and the self or box it rests in. At this point the artifact can be stored on a shelf for 
a fairly long period of time provided the relative humidity of the room does not 
exceed about 60%, Extremely low and high humidity levels must be avoided as 
the artifact will swell or shrink accordingly. 

Obviously all artifacts recovered from an out door environment has been 
exposed to the elements. Periodic rainfall or even sporadic flooding of an area 
don’t necessarily mean that the wooden artifact is waterlogged. If an artifact was 
waterlogged at some time in its internment, and it has been recovered dry, then it 
will be in a collapsed state. There is yet no process to save it from the effects of 
capillary tension collapse and reverse the process. In other words, the damage has 
been done and it must now be treated as a dry recovered artifact. 

Should the artifact be wet or damp on recovery and the excavated area lays 
below the water table the artifact should be treated as a waterlogged object. Above 
all it should not be allowed to dry. Complete immersion (as opposed to a damp 
wrap) is recommended for its transportation back to the conservation lab. 



WATERLOGGED ARCHAEOLOGICAL WOOD 
STORAGE— METHODOLOGY 

Wood recovered from salt water environments should not be immediately 
immersed in fresh water. The cell walls act as semi-permeable membranes pro- 
hibiting the free mixing of the two liquids. Salinity differences between the water 
inside and outside the wood cells will trigger an osmotic pressure differential. 
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Typically the salt-water solution within the wood cells becomes hypertonic, mov- 
ing outward to merge with the fresh water. Fresh water is prohibited by the cell wall 
from moving into the cell as fast as the salt water vacates creating capillary tension 
collapse. This may be dubbed the bathtub effect, as anyone who has enjoyed a 
long bath experiences the phenomena in the form of shriveled fingers and toes. 

A gradual introduction to fresh water all but eliminates this problem. Recov- 
ered wood should be placed initially in a solution 50% fresh water and 50% salt 
water. The rate of subsequent fresh water introduction is dependent on the size of 
the artifact. The bulkier the artifact the slower the process. Generally, one week 
between fresh water additions is sufficient. Each addition is 50% of the artifact 
solution into 50% fresh water. After two subsequent fresh water additions the water 
salinity should be no more than four parts per thousand. At this point the artifact 
can be safely immerse in fresh water. 

The final outcome of the fresh water immersion is the total desalination of 
the artifact, a very necessary step in the conservation of waterlogged wood. Yet the 
wood is now resting in a completely different environment than that which it had 
come to equilibrium with. It will begin to deteriorate at an accelerated pace. Only 
a few months in storage will add the equivalent of decades to the appearance of 
the artifact. The storage solution will also begin to be colonized with fresh water 
bacteria. To guard against this, regularly add 50 ml of Lysol per 10 liters of storage 
water and cover the storage container. 



MECHANICAL CLEANING— METHODOLOGY 

Handle with care is a good slogan for mechanical cleaning. The procedure 
used to mechanically clean dry archaeological wood is the same for cleaning water- 
logged archaeological wood. Both should be treated as though they are extremely 
delicate, particularly the outer surface layer that may contain the archaeological, 
or worked surface. 

Mud, and or silt removal are easily accomplished under gently running water 
with soft nylon bristle brushes (either paint brushes or soft tooth brushes). A dental 
pick can be used for small intrusions. Sometimes, depending on how much mud is 
attached to the artifact, this cleaning should take place outside to prevent clogging 
sink traps. Squirt bottles also make good cleaners and may supply all of the water 
necessary to accomplish the task. It should be kept in mind that the external surface 
of the artifact will be in the worst condition, sliding an object in the dirt and grit 
removed from it is tantamount to buffing it with sandpaper. At times the artifact 
may need to be wrapped in cloth to protect it from abrasion. 

Waterlogged wooden artifacts are constantly wetted during cleaning, this is 
unnecessary for dry finds. Capillary tension collapse can occur above the fiber 
saturation point, so even if the waterlogged artifact feels and looks damp it may 
be undergoing distortion on a cellular level. Small irreversible cracks and fissures 
will be the first indication that this may be happening. 
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Concretions can be a problem during mechanical cleaning. Dry finds may 
have nail or fastener concretions consisting of iron corrosion product and sand. 
These can be extremely hard to deal with as the concretion itself is much harder 
than the wood. These concretions will require use of dental picks, scalpels and 
perhaps an electric or pneumatic air scribe. Scribes are small hand held devices 
resembling a pencil-sized jack-hammer, usually used to permanently etch materials 
or equipment. The vibrating action of the scribe bit can be controlled to lesson or 
increase the effects of the instrument. 

Barnacle and oyster shells are a major impediment to mechanically cleaning 
waterlogged wood. Often these shells have to be removed with a forceps and 
scalpel. However, the shells may contour the archaeological surface making it 
difficult to remove them without damage to the artifact. The shell contour may 
be a good way to observe the pattern originally present on the wood. This is 
particularly true for fine cabinetry and molding, the shells should be examined 
before being discarded. 

Mechanical cleaning is a painstaking process that requires a great deal of 
patience to prevent damage to an object. It will likely be the most important 
step in uncovering the details of an artifact’s wear, usage, and fabrication, and 
is the first step in the micro-excavation of an artifact. Unlike other steps in the 
treatment and conservation of archaeological wood, mechanical cleaning can be 
more or less left up to the imagination. Work stations featuring lighted magni- 
fying lenses, foam padding, running water, and an assortment of dental picks, 
tools, knives, and scribes can be arranged to the conservator’s whim and sense of 
efficiency. 

After mechanical cleaning the artifact is returned to storage. For dry finds 
this will mean air drying and a return to the storage shelf. Waterlogged artifacts 
are returned to fresh water storage. While the artifact is undergoing mechanical 
cleaning its storage container should be checked for biological growth, dirt and 
other detritus, scrubbed clean and its storage solution replaced. Biotic growth 
may be an indicator that the wood is continuing to deteriorate in storage and 
may indicate that it is time for another dose of biocide (see waterlogged wood 
storage). 



STAIN REMOVAL— METHODOLOGY 

Stains are not just unsightly reminders that a wooden artifact has had a long 
and varied history. It may also indicate that the wood is under chemical assault. 
Anyone who has lost cotton clothing through the effects of iron stains can attest 
to the fact that stains are harmful to cellulosic materials. Stains also represent 
substances, along with sodium carbonate concretions, that can block bordered pits 
in the cell wall hindering the introduction of bulking and impregnating material 
into wood. Removing stains and concretions may be vital to saving a wooden 
artifact. 
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Stains come in several varieties but their makeup is usually quite easily seen 
and categorized. Quite often stains represent metallic salts from leaching corro- 
sion products, orange from iron, or blue-green from copper. Anaerobic (airless) 
breakdown of these metals will produce black and brown stains. But black stains 
may also represent sulphide staining from organic substances. It is up to the project 
archaeologist to decide if a stain represents a hint at artifact usage, or is the result 
of something that happened to the artifact during the site formation process. Stains 
that indicate use and wear, or that perhaps attest to what was contained in the 
artifact during its useful life should be preserved. Those accidental stains result- 
ing from long sea bottom (benthic) or underground internment should be noted, 
recorded (for they indicate site formation process), processed, and removed. The 
difficulty here is that virtually every stain represents a foreign substance that will 
likely start to break down the artifact on a cellular level. For now there is no good 
answer concerning how to neutralize stains that complete an interpretation of an 
artifact, because buffering agents that would normally neutralize the affects of a 
stain are also harmful to wood. 

If a stain is not part of the interpretation of an object and needs to be removed, 
there are simple procedures to do this. Iron and copper stains can be removed from 
the artifact with poultices of dilute acid. Acids such as citric, oxalic, or hydrofluoric 
can be used in concentrations of 3% to 10%. Citric is the best all purpose acid as its 
harmful effects are negligible and it is useful for many other procedures making it a 
multi-purpose chemical (both oxalic and hydrofluoric carry health concerns — see 
MSDS). As acids will break down the wood on a cellular level, the stain removal 
should be concentrated only on the stain, a general soak is not recommended. Mix 
a 3% solution by weighing out 3 grams of citric crystals and adding it to 97 ml of 
water. A poultice to concentrate the acid on the stain can be manufactured of acid 
soaked cotton-balls, or by mixing the acid with talcum powder and placing the 
paste on the stain. Waterlogged wood will of course need to remain soaked with 
water during this entire treatment. 

The poultice will need to be changed several times to remove an average 
stain and treatments can last several days. A buffering solution of dilute sodium 
carbonate administered with a squirt bottle can be used to neutralize any acid 
present in the treated area. After the stain has been removed the treated area will 
need to be given a thorough rinse with distilled, deionized, or rain water. 

Organic stains are neutralized with hydrogen peroxide. The conservator can 
employ a 3% to 10% hydrogen peroxide solution using the poultice method. Hydro- 
gen peroxide is available in 3% concentration from any drug store. Again, the 
effects of the stain removal need to be carefully monitored and treatment discon- 
tinued if damaging effects are observed. At that point a more dilute solution can 
be applied or the treatment can be discontinued for the sake of the artifact. 

All stain removing soaks and poultice treatments should be followed by 
meticulous rinses. It does no good to remove a stain (generally representing an 
acid intrusion), if the acid used is not fully neutralized. This rinse should last for 
several hours and the water changed several times. 
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WATERLOGGED WOOD ANALYSIS— METHOD 

The following easily preformed tests are derived from the research literature 
(see Theoretical Section) and have demonstrated their functionality in matching 
wood deterioration to treatment type. 

1. Moisture Content (MC). 

2. Specific Gravity Determination (SG). 

3. Drying behavior of a sample (DB). 

It should be noted that all three tests are not preformed on every wooden 
artifact that comes to the laboratory, only representative samples. Testing is simple 
but does require the sacrifice of roughly one cubic centimeter of artifact per test. 
This may be no problem if the conservator is dealing with an entire wooden 
shipwreck, but can be problematic if the artifact under analysis is small and delicate. 
Analysis is yet another judgement call by the conservator who must ask, do the 
probable benefits outweigh the loss of a small part of an artifact? If the answer is 
no, a subjective description from Christensen’s original research is included with 
the moisture content and cellulose percent to help guide the artifact into the correct 
process, impregnation or bulking. These subjective descriptors include very little 
deterioration, consistency of old rope, and very soft little cellulose. In the end, any 
conservator that has repeatedly conducted these tests will gain an eye for judging 
the moisture content if not the specific gravity of an artifact. Experience will enable 
the conservator or technician to guess with a high degree of certainty which of the 
three directions the artifact needs to travel for treatment. 

1. Moisture Content 

A small piece of wood must be removed from a sample artifact representing 
at least one cubic centimeter. A scalpel, knife or sometime a saw must be used for 
this purpose. If there is a difference in the wood conditions between the inner and 
outer layers, both should be sampled. If there is enough wood, an increment borer 
will sample both the outer and inner wood enabling the conservator to observe any 
differences. If the outer wood is degraded significantly it is possible that the inner 
core is in better condition. 

This sample is measured to determine its volume in cubic centimeters. If it 
is a cube the volume is a simple calculation of length x height x width in millime- 
ters divided by 1000 to equal cubic centimeters. If it is an irregular piece it can 
be placed into a small graduated cylinder filled to an observed level with water. 
On immersing it into the water in the cylinder, its volume can be seen in how 
much water it displaces. At room temperature one milliliter (ml) is equal to one 
cubic centimeter (cm^). After measurement for volume the sample is weighed 
on a balance beam both before and after oven dehydration. The weights can 
be plugged into the following formula to calculate the moisture content of the 
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sample. 



Moisture Content 



Weight Waterlogged — Weight Oven Dry 
Weight Oven Dry 



X 100 = MC 



This formula can give a fast appraisal of the deterioration present in a wood 
sample. Green wood can normally contain anywhere from 20% to 60% MC. Water- 
logged archaeological wood seldom contains less than 90% MC and this figure 
can increase to as high as 800% or 900% MC in badly degraded waterlogged 
wood. 

A simple example of MC calculations may start with a sample that weighs 
2.7 grams. After the sample was dried in an oven it weighed .6 grams. When 
these figure are plugged into the formula for moisture content they reveal that the 
sample has a 350% MC. Therefore, the artifact from which this sample was taken 
is eligible for both a bulking and impregnation treatment as seen on the flow chart 
indicator on page 33. 

Though moisture content is usually a good indication of the deterioration 
present in waterlogged wood it fails if the wood has already been dried and col- 
lapsed, or if the wood is not fully waterlogged. Both of these conditions will give 
artificially low moisture contents. 



2. Specific Gravity (SG) 

Specific gravity can be a good indicator of the degradation in waterlogged 
wood. It is a density determination always calculated in grams per cubic centimeter 
and varies with wood species. The following table lists some examples of specific 
gravity in gr/cm^. It is easy from this table to see the density differences between 
hardwood and softwoods at the dotted line. 



1. 


Water 


1.00 


2. 


Balsa 


.11 


3. 


Eastern Red Cedar 


.47 


4. 


Western White Pine 


.38 


5. 


Red Pine 


.44 


6. 


Eastern White Pine 


.35 


7. 


Southern Yellow Pine 


.51-.61 


8. 


White oak 


.68 


9. 


Red oak 


.63 


10. 


American Elm 


.50 


11. 


American Chestnut 


.43 


12. 


Live Oak 


.88 


13. 


Lignum Vitae 


1.14 
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But the specific gravity measurement is far more important archaeologically 
than just comparing the density of different wood species. It can be used to deter- 
mine how much cellulose remains in a wood sample. Once a specific gravity has 
been determined for a sample it is compared with the known SG for that species, 
to give a relatively accurate figure of how much cellulose was lost through bio- 
deterioration. The only complex part of this calculation is finding out what the 
wood species is in the waterlogged wood sample. 

There are some simple ways to determine species of wood. First and easiest, 
is to look at the entire wooden artifact before it is sampled and determine from its 
gross anatomy what type of wood it is. Archaeologists and conservators can get 
a feel for this type of wood identification by picking up wood samples at a local 
lumber yard and studying and comparing the gross traits of each wood type. A more 
sophisticated method may include sending samples to various wood and forestry 
laboratories for microscopic analysis. If a microscope is available a conservation 
technician can prepare slides for microscopic comparison to the images presented 
in wood anatomy texts such as The Textbook of Wood Technology. 

Specific Gravity 

Weight Oven Dry 

= SG 

Waterlogged Volume 

In this formula it can be seen that specific gravity is a simple ratio of the 
oven-dried weight of a sample in grams divided by its waterlogged volume in 
cm^. The waterlogged volume has not changed appreciably from the volume of 
the wood when it was first cut and worked. 

When a specific gravity determination has been made and the species of 
wood sample is know cellulose content is an easy calculation. For example, if an 
artifact is determined to be white oak its SG should be close to .68 gr/cm^ (there is 
some variation within species). If the archaeological white oak sample proves to 
have a calculated SG of .55 gr/cm^ it is approximately 19% less dense than would 
be expected of un-degraded wood of that species. Bio-deterioration, therefore, has 
claimed about 19% of the complex carbohydrate structure in the wood. In other 
words it can be said that the sample contains 81% of its original cellulose. Accord- 
ing to the flow chart on page 60 this archaeological wood is eligible for bulking. 

3. Drying Behavior of a Sample (DB) 

The behavior of a waterlogged wood sample on drying can be a good 
indicator of what to expect from the remainder of an archaeological artifact. 
In this test a sample of waterlogged wood is left to dry in the atmosphere. DB 
observations are both subjective and objective and sometimes require samples of 
larger dimensions than that typically used for the quantitative testing for moisture 
content and specific gravity. 
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Objective drying observations include measurements taken of the sample 
before and after drying with size reduction percentage tabulated. Pins can be placed 
in the wood to make the observations on size reduction more measurable and the 
grain of the wood should be carefully scrutinized so that observations include 
longitudinal, radial, and tangential size reduction measurements (see Wood For- 
mation and Degradation — Theory). Size change above 15% indicates the wood 
has suffered damage on a microscopic level and the artifact should undergo treat- 
ment. But it is difficult to quantify all drying behavior, as it is different for each 
wood species. Many of the robust hardwoods for example, go through more dras- 
tic size reduction than softwoods that have the same percentage of remaining 
cellulose. 

Drying samples should also be observed to note twisting, cracking and, 
face checking, all indicators that the wood has degraded. Face checking is a good 
indication that the surface of the artifact is in worse condition than the interior. A 
microscopic examination of the sample may reveal calcium carbonate concretion or 
corrosion residues on the bordered pits or elsewhere. Unfortunately a typical light 
microscope is not powerful enough to determine the condition of the bordered pits, 
but can show the viewer whether the cells in the wood have previously collapsed. 
Collapse is indicated if the normal uniform rectangular cell luminae have crumpled 
and become misshapen. 

DB can be used to determine type of treatment for waterlogged wood, but 
there is far more guesswork involved than there is for the calculation of moisture 
content, specific gravity and cellulose percentage. The three waterlogged wood 
categories initially proposed by Christensen are included on the flow chart page 
33 for this purpose. 



BULKING TREATMENT— METHODOLOGY 

Treatment for wood that remains in relatively sound condition (Christensen 
C, deJong class III.) is two fold. First, the partially degraded cell walls are to 
be strengthened. Second, the water remaining in the wood will be replaced with 
a substance that will lesson the capillary tension pressure exerted on the drying 
wood cell walls. Bulking accomplishes these goals. There are several accepted 
bulking agents in current use including polyethylene glycol (PEG) 300, 400, 600, 
540 blend, and several varieties of sugar. These substances are all water-soluble 
and have molecular weights averaging less than 900. PEG numbers correspond 
roughly to their molecular weights, the exception being 540 blend. 540 blend 
is actually a mixture of PEG 400 and PEG 1450. Molecules that have a lower 
molecular weight than about 900 penetrate wood cell walls, whereas heavier weight 
molecules cannot. 

The easiest to use bulking agents that have proven penetration ability for 
good condition waterlogged wood include liquid PEG 400 and granular sucrose 




50 



CHAPTER 2 



(sugar-molecular weight 343). Of the two, sucrose or common white sugar is 
cheaper and easiest to find and gives the best results provided the treatment tank 
can be heated. At a minimum the treatment tank temperature should be maintained 
at about 43-50 degrees C or 1 10-120 F. At this treatment tank temperature biotic 
growth in the tank will remain minimal. 

These agents are introduced into waterlogged wood with the same procedure. 
First a representative artifact is weighed (only one artifact can represent an entire 
batch). Weight gain is a ready indicator of bulking agent penetration. Artifacts are 
placed from storage into a treatment tank set up specifically for this purpose. The 
tank should have a means of heating and circulating (see Chapter 1 , the Minimal 
Intervention Laboratory) and should be insulated and covered. Water and PEG or 
sucrose are placed in the tank at a 10% ratio, 5% for woods with light specific 
gravity’s such as balsa, cork, or poplar. After the solution has been prepared a 
cover is put in place (bubble wrap makes a good insulated floating cover) and the 
stirring device is turned on. 

For average to small artifacts of a few pounds or less than 1 kilogram the 
treatment tank percentage of bulking agent can be increased 10% per week until a 
50% solution is achieved. Larger artifacts will require longer waiting times between 
solution increases, some up to a month. The reason for the gradual increase in bulk- 
ing agent is to minimize osmotic pressure differentials between the fluids inside 
and outside the wood cells. Catastrophic results can be gained by immediately 
placing an artifact in too high a percentage bulking agent. 

The representative artifact weighed before treatment should be weighed 
weekly after a 50% solution is achieved in the treatment tank. When artifact 
weight gain stabilizes at about 20% enough bulking agent has been absorbed 
for the artifact’s dehydration in the humidity chamber. Yet some artifacts, those 
with the most missing cellulose, will show a greater weight gain of as much as 
25%-35%. 



NOTE ON SUCROSE BULKING 

Sucrose has proven a cheap, reliable bulking agent. It does, however, have 
one drawback. At percentages less that 40% it tends to ferment. Careful observation 
of the treatment tank should be made each day. Runaway fermentation is easily 
recognized by foam production at the surface of the tank and a ruinous odor. Left 
untreated, fermentation will destroy the bulking capacity of the sugar and produce 
acetic acid, which is deleterious to the artifacts. 

Heating the treatment tank to 50 degree C generally controls fermentation. 
Pasteurizing heat doses of up to 70 degrees C or 158 degree F for several hours are 
easily tolerated by most wooden artifacts. If the treatment tank is not capable of such 
temperatures 100 mis of Lysol per 50 liters of solution will eliminate fermentation 
for several weeks. As the sugar solution approaches a 40% concentration anti-biotic 
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procedures are no longer necessary. The solution at that point becomes hypotonic 
to organisms and they can no longer grow and reproduce. 



BULKING AND IMPREGNATION TREATMENT- 
METHODOLOGY 

Waterlogged wood that contains half to three quarters of its original cellulose 
is invariably composed of stratified layers of wood that exhibit different amounts 
of deterioration. The outermost layer is the most degraded containing only a small 
amount of cellulose and can be quite soft. This layer is described as Christensen 
Class A or deJong class I. The next layer as you theoretically proceed into the wood 
is a thin zone of partially degraded wood in somewhat better condition than the 
outer layer but not as sound as the inner core. This wood is classified as Christensen 
class B or deJong class II. The inner core of an artifact in this category is likely 
sound wood in the same condition as wood treated in the far right column of the 
flow chart page 33. This is Christensen C or deJong class III. 

Wood in a layered condition can be the most difficult to treat. Not only does 
the conservation treatment need to bulk the cell walls of the hard to penetrate inner 
most layer, but as little cellulose remains in the outer layer, it must be impreg- 
nated with a substance that will fill and harden all interstitial spaces plus the cell 
lumina. 

Treatment on this type of wood can follow two paths depending on the 
thickness of the outer most degraded layer. If this layer is only a few millimeters 
in thickness the inner core is bulked following the same procedures and using 
the same bulking agents as outline in the treatment section preceding this section. 
However after the core of the artifact is bulked and before it is placed in the humidity 
chamber for dehydration a 50% PEG 3350 solution can be brush applied in order 
to consolidate and impregnate the outer most layer and prevent its cracking and 
face checking. 

If the highly degraded zones run deeper, experience has demonstrated that 
treatment with PEG 540 blend is preferable. Since PEG 540 blend is a white paste 
mixture of PEG 400 and PEG 1450 it will penetrate and bulk the inner layer and 
impregnate the outer layers at the same time. Should cross checking on the surface 
become a problem, a brushed surface coat of PEG 3350 will be applied. 

PEG 540 is introduced to the treatment tank in 10% increments working 
up to 50%, just as the bulking agents in the previous section were. Temperatures 
and time frame for adding agents are identical to those procedures outlined in the 
previous section. 

As would be expected, however, treatment for this more degraded wood is 
not finished until a higher weight gain is achieved for the test artifacts. Treatment 
may take more time, depending on the size and permeability of the artifact, to 
both bulk and impregnate the artifact. Weight gains toward the upper end of the 
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25% to 40% spectrum are to be expected before stabilization. As in the bulking 
procedure the wood at this point is ready to he placed in the humidity chamber for 
slow dehydration. 



IMPREGNATION TREATMENT— METHODOLOGY 

Waterlogged wood in this category is entirely made up of the most highly 
degraded Christensen class A and deJong class I. Ironically, this is also among 
the easiest to conserve. The cell walls offer little impedance to the impregnating 
solution. In fact, there is so little cellulose in the secondary cell wall of the wood 
cells that it is impossible for them to remain rigid on dehydration. In this condition 
the only recourse left to the conservator concerned with maintaining the shape of 
the artifact is impregnation, the filling of all interstitial and cellular spaces with 
an inert substance that will harden on dehydration and support the porous wood 
structure. 

Treatment follows the same procedures as those outlined for the previous 
two treatment sections. Impregnating agent will be initiated at 10% and worked up 
to 50% in 10% increments. In this case PEG 3350 is used. This heavier molecular 
weight PEG is too large a molecule to penetrate and bond with the wood cell wall 
but will do nicely to penetrate all of the empty spaces left in the degraded wood. 
PEG 3350 is a powder and must be placed in water to dissolve. Heating a peg 3350 
solution will speed the dissolution of the powder. 

As would be expected, an even higher artifact weight gain will signal the 
completion of the impregnation treatment. Weight gains of 30% to 50% will be 
experienced in the test artifacts. Unlike the previous two treatments, where the 
artifact is simply allowed to drip dry in the humidity chamber, excess PEG 3350 
should be blotted from the surface of impregnated artifacts. This will keep the 
excess PEG from congealing. 



HUMIDITY CHAMBER— METHODOLOGY 

With the bulking and impregnating complete artifacts are removed from the 
treatment tank and allowed to drip into the tank. Great care should be taken in 
transporting the treated objects to the humidity chamber (HC — see Chapter 1). 
Delicate artifacts may need support or support trays of plexiglass or wood. 

The artifacts will now be slow dried in the HC to lessen the possibility of 
osmotic collapse from drying too fast. Humidity chambers also allow artifacts to 
dehydrate at a uniform pace lessening stresses caused by the differing wood zones. 
The humidity chamber will contain shelving with enough space to accommodate 
the entire treatment tank. It is packed from the top down and is designed so that 
excess bulking and impregnating agent will drip off the artifacts through to the 
floor of the chamber for easy cleaning. 
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When the HC is occupied with artifacts from the treatment tank the humid- 
ifier is turned on. With the plastic curtain closed the humidifier will quickly bring 
the relative humidity up to near 100%. Each chamber should be tested before arti- 
facts are introduced so that a dehydration rate, or that rate at which the chamber 
will gradually dry out, can be calculated. Ideally the chamber will gradually dry 
to ambient (about 50%) relative humidity in one month, or roughly 10% a week. 
Gages and control of the chamber’s humidity are the responsibility of the conser- 
vator or conservation technician. Artifacts should be checked every few days and 
the internal atmosphere sprayed with Lysol to eliminate the possibility of mold 
growth. After four or five weeks in the gradually drying humidity chamber the 
artifacts are ready to be exposed to the atmosphere. 



AIR DRY— METHODOLOGY 

To initiate air drying the plastic curtain of the HC is pulled aside and the 
interior of the chamber exposed to the atmosphere in the laboratory. Ambient air 
in an air-conditioned building should remain at bout 50%. Anything lower than 
this will cause the wood to shrink, but should not cause any permanent damage. 
Artifacts can now be easily cleaned of excess bulking and impregnating agent. 
The higher weight PEGs can be melted and may need to be cleaned with a hand 
held blow dryer. After a week or two at ambient relative humidity the artifacts are 
prepared for storage in the artifact storeroom kept at 40%-50% relative humidity. 



CONCLUSION 

Wood can be a durable and lasting material that has seen use in artifacts 
throughout human history and pre-history. Dried wood can last for thousands of 
years with no appreciable loss of structure. Yet wood’s organic nature lends itself 
to deterioration through biological processes, particularly when water is present. 
The complex carbohydrate cellulose that makes up the secondary wood cell walls 
is subject to attack by microorganisms. The wood can also become waterlogged 
in which case its deterioration is disguised until it dries. In waterlogged wood 
water takes the place of the missing cellulose, maintaining the artifact’s original 
dimensions so long as it remains submerged. On drying the true nature of the 
waterlogged wood is revealed through destructive capillary tension collapse and 
subsequent dimensional changes. 

The bulking and impregnating treatments described in this manual will offset 
the damage in most wood, controlling for collapse and shrinkage, at least to a large 
degree. As can be seen on page 34 there are nearly as many wood treatments as 
there are species of wood. This manual promotes sucrose and PEG as the simplest, 
least toxic, and most reversible of alternatives. The equipment needed for wood 
treatment at any particular laboratory depends on the condition of the wood that 
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is recovered but should eventually include ways to treat both waterlogged and 
dry recovered material. As mentioned in Chapter 1, the Minimal Intervention 
Laboratory is always a work in progress, and in this case, the small expense 
needed to outfit a treatment tank and a humidity chamber will be more than offset 
by information gleaned from the artifacts saved. 
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Archaeological Iron (Fe) 



TYPES OF IRON— THEORY 

Iron is the most plentiful and functional metal used by humans. Though iron 
from meteorites caught the eye of early Bronze Age people, they could not smelt 
it from ore until much later. The Hittites in Asia Minor used quantities of iron as 
early as 1400 BC and iron use became wide spread by 1000 BC. Unlike many 
other metals, iron does not occur in pure form naturally. It is most often found 
as a mineralized oxide, the two most plentiful being hematite and magnetite. The 
greatest problem faced by the modern conservator is how to keep iron and its alloy 
steel from reverting to its more stable oxide forms through corrosion. 

Iron is produced in three basic types; pig, cast, and wrought. These three 
types of iron reflect in descending order the carbon content, or in ascending order, 
the reflnement of the metal. Steel is an alloy of carbon and iron and does not greatly 
impact the archaeological record until its mass production in the mid 19th century. 
But steel could be produced in small quantities for blade edges and springs early 
in the history of iron manufacturing. 

Pig iron is produced from iron ore that is melted and reduced (technical 
term that means to gain electrons) in a furnace. The term pig iron is an illusory 
metaphor for the image of suckling piglets, since furnaces used to produce the 
molten iron typically ran the metal by gravity into molds surrounding its base. 
Furnaces became more efficient over time undergoing development from hearth 
and shaft furnaces of medieval times to blast furnaces in the 14th century when it 
was found that the introduction of large quantities of air forced into the furnace 
heated the ore faster and reduced it more efficiently. Blast furnaces of all types 
invariably combine iron ore, coke or charcoal, and limestone. Hot air is forced 
into the blast furnace igniting the coke or charcoal that in turn gives off carbon 
monoxide. The carbon monoxide picks up oxygen from the hot iron ore becoming 
carbon dioxide, reducing the ore to metal. The calcium from the limestone acts as 
a flux or catalyst to lower the melting temperature of the impurities in the iron ore 
to that of the iron. This allows the melted iron and impurities to be cast into pigs 
at the bottom of the blast furnace. 

Pig iron has a carbon content of 3% to 6%, is very brittle and is not useful 
for tools. Pig iron is an unlikely, though not unheard of find on an archaeological 
site. It was sometimes transported in ships for refinement and also used as ballast. 
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Figure 10. An 18th century cast iron pipkin from a fresh water site. Note the spalling corrosion 
on the lip indicating the artifact was found half buried on its side, with the buried portion exposed to 
anaerobic sulfate reducers and methanogens. Photograph by Chris Valvano. 



most often in warships. Pig iron is generally black in color with a rough surface. 
All iron can be polished to silvery base metal but it rarely if ever appears this way 
in an artifact. 

Cast iron is a refined version of pig iron. It contains a high carbon content 
of 2% to 6% and remains unworkable and brittle. Yet it can be cast into useful 
objects such as skillets, pots, piping, stoves, ranges, cannon, machine parts, and 
cannon balls. Cast iron is very hard but remains brittle due to its micro-crystalline 
structure. It was not unheard of for cannon shot to shatter on impact with ships or 
fortifications and certainly most plumbers still realize today that the easiest way 
to remove cast iron piping is to shatter it with a hammer. Cast iron, like pig iron, is 
normally black in color and can have a rough or smooth texture depending on the 
mold in which it was formed. Cast iron corrodes in layers from the surface inward 
and may crack and exfoliate. The key to cast iron corrosion is that the metal cools 
onto a carbon graphite matrix after casting, giving it a crystalline structure. As the 
iron corrodes and migrates from the matrix the artifact will retain its shape but the 
outer layer may only be very soft graphite. Conserving the archaeological surface 
in this case may mean preserving the soft graphite outer layer. 

Wrought iron is the most refined version of iron, processed from high qual- 
ity pig iron. This iron is purified and poured over melted sand in order to produce 
bloomery iron or blooms, as the ingots are called. The silicate slag (sand) intro- 
duced into the wrought iron allows this material to be worked and formed into 
tools and fasteners in a forge. Wrought iron, like steel, does not show up in great 
quantities in the archaeological record until Henry Cort used both grooved rolling 
machines and the puddling process to refine large quantities of the metal beginning 
in 1784. 

Wrought iron is highly malleable and does not shatter. It is nearly pure 
with less than .2% carbon content and contains silicate slag in the form of stringy 
intrusions that run with the grain of the worked metal. Wrought iron is normally 
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Figure 1 1 . Wrought iron log staple of the 19th century. Note the grainy appearance of wrought iron 
as it corrodes along the silicate slag intrusions. Photograph by Chris Valvano. 



brown or dark brown in color. Archaeological wrought iron will have a grainy 
wood-like appearance as it corrodes along the silicate slag intrusions. Wrought 
iron will be formed into any worked utilitarian objects that will see hard use, such 
as fasteners, nails, and anchors. 

Steel could be produced in small amounts for edged weapons early in the 
history of iron working, and after the mid 18th century as crucible steel (in which, 
measured amounts of carbon were worked into wrought iron). Unlike iron, steel 
springs hack when bent and is lighter and stronger than iron. But steel was not 
mass-produced before Englishman Henry Bessemer patented his steel making 
process in 1856. In this process molten iron from a blast furnace is poured into 
a helmeted bucket mechanism called a converter. Carbon, and manganese were 
added to the iron in the converter and air pumped through it to hum off impurities. 
The converter purihed the iron and controlled the carhon content to produce steel. 
In the last quarter of the 19th century, German brothers William and Frederick 
Siemens and French counterparts Pierre and Emile Martin improved Bessemer’s 
process, making it more efficient and productive. The Siemens-Martin open-hearth 
furnace remained the dominant producer of steel throughout the last part of the 
19th century. 

Steel can be silvery metallic in color after production. It corrodes much 
faster than iron and, left to its own devices, will soon take on an iron oxide patina 
of brown, red, or orange. Steel contains a .5% to 3% carbon content and can be 
alloyed to many other metals such as nickel, cohalt, manganese or chromium. 
These alloy steels have unique properties and are used for different purposes. In 
general steel corrodes in large flakes that exfoliate from the surface of the artifact. 
Archaeological steel includes springs, armor, swords, and the edges of utilitarian 
tools such as axes. 
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Though pig, cast, and wrought iron plus steel are primarily made of the 
element iron, they have widely varying traits and were used for many different 
purposes throughout history. Not surprisingly the deterioration of these alloys is 
also very different on the macro and microscopic level. Artifacts of these materials 
will, of course, also deteriorate and behave in widely variable manners and must 
be conserved accordingly. 

Artifacts made of iron can usually be distinguished by their dark brown 
to black color, hardness, and weight. Iron and steel are also magnetic and will 
carry and electric current. Unlike more noble metals iron readily corrodes, with 
the corrosion products moving outward into the environment to precipitate on 
encountering a more basic pH. The precipitated iron corrosion product (mostly 
FeO(OH), orange rust) cements all nearby debris to the artifact. In aerated moist 
soil this concretion becomes a brown amorphous mass complete with attached 
sand and gravel. This concretion may have little resemblance to the artifact hidden 
inside. Underwater the concretion process is more complex but will result in the 
complete concealment of the iron object within a calcium carbonate shell (see 
section on concretion formation). 

Archaeologists and conservators will, through experience, become familiar 
with the normal uses of these types of materials. It would be impossible for instance 
to make cast iron nails or horseshoes, for they would shatter in short order. On the 
other hand, complex molded items are impossible to make of wrought iron, as it 
cannot be poured into a mold. Mold marks, and decomposition pattern are the best 
indicators for iron type. Some other artifacts such as metal buckets and so called, 
“tin cans,” are also made almost entirely of iron, and later steel. 



CORROSION OF IRON— THEORY 

Iron is most stable in its natural form as an oxide. If this oxide is reduced and 
becomes a nearly pure metal, it will corrode in order to return to its most stable 
state — an oxide. Metallurgists through time have understood this and by the end 
of thel9th century were able to communicate this general corrosion theory in the 
formula; 

4Fe° + 2 H 2 O + 3 O 2 -> 4FeO(OH) 

Simply stated this says that iron plus water plus oxygen will turn to rust (ferrous 
oxy-hydroxide). This was easily observable where-ever iron was used but failed 
to explain some other observable consequences of using iron, particularly iron 
fasteners in ships. For example, when ship builders first resorted to using copper 
sheathing on the bottoms of their wooden vessels (HMS Alarm 1758-1762) to 
protect them from toredo worms and shell fish, they noticed that the iron fasteners 
began to corrode at an alarming rate. This mysterious corrosion led to the near 
destruction of the experimental vessels. From that point onward all fasteners inside 
ships that were to be copper sheathed were also made of copper or copper alloy. 
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Later shipbuilders noticed that iron fasteners, even when painted and pro- 
tected from oxygen, could mysteriously waste away inside their protection. And 
of course all iron users noticed that iron corroded faster in a salt water or seaside 
environment. These observations eventually led to our present understanding of 
galvanic coupling (two metals in contact), differential aeration corrosion (corrod- 
ing metal does not necessarily need to be exposed to oxygen and water to corrode), 
and the deleterious effects of the chloride anion on metals. 

All of these forces play a role in the deterioration of iron. All archaeologically 
recovered artifacts, from land or sea sites, must be protected from salt intrusion, 
galvanic coupling, and differential aeration. And to a certain extent conservators 
will have to reverse these processes in order to conserve and stabilize iron. 

It is now understood that the simple general corrosion formula is actually 
two processes. Corrosion or oxidation is the movement of electrons both within 
and between metals and the freeing of metallic ions (charged particles of a metal) 
while reduction is the collection of electrons. All corroding metals create a battery 
with a positive pole and a negative pole. At the positive side (-b) of the battery, or 
the Anode, the reaction can be described by the formulas: 

Anode + 

Fe° ^ Fe+2 -b 2e“ 

O 2 -b 4e~ + 2 H 2 O -b 2Fe+^ ^ 2FeO(OH) -b 2H+ 

Stated simply this means that iron under proper circumstances will give off elec- 
trons. In so doing iron atoms become charged ions and charged ions will migrate. 
The migrating iron ion will encounter oxygen, energy, and water and turn to rust 
while also producing hydrogen ions, or acid. In short, corroding iron produces 
rust, acid, and electricity. 

In order for a direct current battery to work, the circuit must be completed. In 
other words the electrons given off at the positive pole must be used. This happens 
at the cathode. 



Cathode — 

O 2 + 2 H 2 O -b 4e“ ^ 40H~ 

The electrons given off by the corroding iron reduce oxygen and water to produce 
hydroxyl ions, or a base. Paint and other electrically passive substances restrict the 
movement of electrons, polarizing the electrical transfer between the anode and 
the cathode, slowing the reaction. 

This new understanding of corroding metals helps explain one of the 19th 
century corrosion mysteries, that of differential aeration. It can be seen from the 
formulas that the anode and cathode of a reaction do not have to occur in the 
same place, they only have to be connected by an electrically conductive path 
for electrons. The corroding metal in a steel ship, for instance, can be separated 
from the cathode or that place where the oxygen and water are reduced, by a great 
distance. This also implies that so long as any portion of an iron artifact is exposed 
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to oxygen and water, it will corrode — and not necessarily at the area of exposure. 
A diver chipping paint from the surface of a shipwreck may cause corrosion of 
metals deep inside the wreck, or an iron nail may corrode inside an object because 
its head is exposed to oxygen and water. 



GALVANIC COUPLING— THEORETICAL 

In essence, therefore, corrosion is an electron transfer that will continue so 
long as electrons are produced at the anode and used at the cathode. When dissimilar 
metals come into electrical contact they form what is called a galvanic couple. In 
this couple, one metal will become an anode and corrode at an accelerated pace, 
while the other becomes a cathode and is protected. Galvanic coupling is another 
of the 19th century corrosion mysteries explained by a transfer of electrons. 

All metals have an average corrosion potential (E Corr) that can be measured 
in milli-volts of electricity, but each type of metal has a different E Corr. The 
measured E corrs correspond to the electrons given off when a small amount of 
metal ionizes. Some metals corrode more readily than others. Gold for instance 
does not corrode as easily as iron and is considered a more noble metal. If two 
dissimilar metals come into electrical contact or perhaps are manufactured in 
contact, such as a brass shoe buckle with an iron pin, or a brass bell with an iron 
clapper (see photograph), the less noble metal will begin to donate electrons to the 
more noble metal. By definition the less noble electron donor (in the example iron) 
will corrode and oxidize while the more noble metal (brass — alloy of copper) will 
be reduced or gain electrons. Since reduction is used to purify a metal from ore it 
will also discourage oxidation in the noble metal. In other words, the more noble 
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Figure 12. Brass buckles with iron pins. Note the iron has completely corroded forming a central 
concretion while the brass outer buckle is in relatively good condition because of the galvanic coupling. 
Photograph by Chris Valvano. 
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metal will be protected and may look to be in pristine condition though it has been 
buried, or submerged, for hundreds of years. 



CONCRETION FORMATION— THEORY 

Non-concreted iron is rarely recovered from an archaeological site on land 
or in the sea. Fresh water sites in lakes and rivers seem to spawn the fewest 
concretions but they can still form at times when calcium carbonate precipitates 
on an iron object. Even hydro-thermal rivers have been found to contain artifacts 
encompassed in a concreted material know as armoring. Though these concretions 
begin as an electro-chemical process initiated by iron corrosion they invariably 
become a biological system as well. Armoring and sea bed concretions are both 
colonized by sulfate reducing bacteria and methanogens. 

Concretions recovered from the earth invariably contain sand and other 
hard rock cemented together in a ferrous oxide and ferrous carbonate (cementite) 
matrix. J.M. Cronyn refers to these concretions as a red/brown mass that are often, 
“no longer recognizable as a particular object (Cronyn, 1990; 179).” These dry 
recovered concretions are most often found surrounding wrought iron, but can 
also form nodules on cast iron. 

The actual concretion process on iron in the earth is not well represented 
in literature but likely mimics in many ways the formation process of concreted 
artifacts abandoned in anaerobic seabed environments. However, there are some 
important differences. 

Concretions begin to form on earth interred iron artifacts almost immediately 
when there is available oxygen and water — both plentiful in most soils. The artifact 
initiates this process by giving off electrons, iron ions, and acid. Of utmost concern 
here is the microscopic artifact/soil interface. Here, carbonates in the soil that 
surrounds the artifact dissolve from the acid produced by the corroding metal. 




6 cm 5 

Figure 1 3 . Typical brown mass concretion of terrestrially recovered iron nail. The concretion consists 
of carbonates, sand, and iron corrosion products. Most of the iron in the nail has already migrated into 
the concretion. Photograph by Chris Valvano. 
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The carbonates and ferrous ions are then free to migrate away from the immediate 
vicinity of the object and soon encounter a more basic pH in the surrounding soil. 
The higher more alkaline pH allows the iron ions and carbonates to precipitate 
out as ferrous oxy-hydroxides (orange colored rust) and ferrous carbonates. In this 
way the precipitates begin to build a shell around the artifact, a shell that cements 
together all of the sand particles and small rocks and pebbles nearby. This budding 
concretion becomes the cathode on which the oxygen and water is reduced by the 
electrical charge escaping from the artifact. The artifact produces a charge that is 
transported by migrating ions, ferrous and hydrogen cations, and various earth salt 
anions including chlorides. These anions will penetrate into the body of the artifact 
and need to be removed from the object if it is to be stabilized during conservation. 

The interior of the concretion with its acid pH makes for an ideal corrosive 
environment. Unlike concretions formed in the sea this amorphous red/brown mass 
does not seem to be electrically passive and is porous to both oxygen and water, 
meaning the corrosion process is free to continue. Since the electrons produced by 
the artifact are used as fast as they are produced the system continues to corrode the 
artifact. Migrating acid, iron ions, and carbonates expand the concretion outward 
at the expense of the artifact. 

However, another process seems to be at work on the earth interred con- 
cretion, a destructive dry cycle. The dry cycle must occur whenever the soil dries 
and there is little reducible water available. In the dry cycle the acid and corrosion 
products produced by the artifact cannot migrate so they build pressure under the 
concretion. Cracks in the concretion radiate from the artifact and will continue 
until it begins to spall and break apart. The dry cycle will also flake off large 
pieces of the artifact inside the concretion as corrosion products expand in cracks 
and fissures. Evidence shows that many earth-interred concretions show repeated 
cracks that later fill with corrosion product. It should be understood that the miner- 
alized versions of iron occupy more space physically than metallic iron, therefore, 
corrosion products will always expand. The dry cycle is extremely destructive to 
artifacts in the soil and for that matter, for artifacts brought into the laboratory 
without concretion removal and deep rinsing of anions. 

Some iron artifacts buried deeply in anaerobic soils are subject to attack by 
sulfate reducing and methanogenic bacteria. Concretions are not formed around 
these artifacts, instead they are distinguished by odorous black iron sulfides. These 
artifacts will be badly corroded even though there is no oxygen present. The sulfate 
reducers and methanogens metabolize electrons given off by the artifact so the 
artifact does not Polarize, but continues to give off electrons (see section on ocean 
concretions). Other soil conditions are not conducive to concretion formation but 
do seem to promote electrically passive protective layers over iron artifacts buried 
in wet organic soils rich in phosphate (Cronyn, 1990; 181). And organic iron tannic 
compounds may also help protect non-concreted iron in swampy conditions. 

The concretions formed on terrestrially recovered artifacts can be extremely 
hard and difficult to remove particularly if they are composed of sand. The corrosion 
product and corbonate matrix adheres to the artifact and may flake off parts of the 
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Figure 14. Wrought iron log staple undergoing dry cycle decomposition. Photograph by 

Chris Valvano. 



artifact as it is removed. The dry cycle system of concretion formation in the earth 
may also have contributed to the actual loss of the surface of an iron artifact. 
Concretions produced in the ocean do not normally cling so tightly to the artifact, 
are frequently easier to remove, and when they are removed the archaeological 
surface of the iron artifact is usually intact. 



OCEANIC CONCRETION EORMATION— THEORY 

The best studies conducted thus far on concretion formation in the ocean 
come from Neil North and Ian MacLeod of the Western Australia Maritime 
Museum (Pearson, 1987; 77-78). In their research North and MacLeod concluded 
that because iron artifacts lying in the ocean are not toxic to living organism they are 
colonized in short order, first with fouling assembledges, then by coralline algae, 
and finally within a few years by a layer of hard coral. Unlike earth formed con- 
cretions, ocean concretions are almost exclusively formed of calcium carbonate, 
are fairly non-porous, and inhibit ion exchange. 

Nonetheless, ions continue to diffuse into and out of the concretion albiet 
at a slowed pace. Iron Fe+^, Fe+^, and cations move to the concretion while 
the ever-present chloride Cl“ anions, from the salt in ocean water, move to the 
artifact. Some iron artifacts recovered from the ocean may contain up to 10% of 
their weight as chlorides. As the iron ions and acid diffuse outward and encounter 
more alkaline conditions they precipitate in the form of oxides, hydrated oxides, 
and hydroxy chlorides. Some iron ions begin to take the place of the calcium in 
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Figure 15. Sulfate reduction and Methanogenesis in an anaerobically interred iron nail 
(Rodgers, 1989: 337). 



the calcium carbonate concretion forming cementite, a much harder version of the 
original concretion. 

While the surface of an artifact invariably becomes a living ecosystem the 
same can be said of the interior of the concretion. At some time in its formation, 
anaerobic sulfate reducing and methanogenic bacteria colonize the interior of the 
concretion. These creatures thrive in acidic conditions and metabolize the electrons 
given off by the artifact and produce, as byproducts, iron sulfides and methane gas. 
Because the electrons from the corroding artifact are no longer hindered, iron ions 
are produced at an increasing rate. 

Over time the concretion and corrosion process will continue until the artifact 
disappears leaving a hollow cast of itself in the concretion. Since there is no dry 
cycle in the ocean the concretion will remain relatively intact as a replica of the 
original artifact. 

Anaerobic concretion formation in the ocean follows a slightly different 
course than that on the sea floor. Anaerobic concretions form when a buried iron 
object produces iron ions and acid. The micro-environment near the surface of the 
artifact becomes supersaturated with dissolved calcium carbonate due to the acid 
present. As the supersaturated water moves away from the artifact it comes into 
contact with more alkaline conditions and the calcium carbonate precipitates out, 
bonding to it all of the nearby sand, coral, rock, and artifacts. Concretions formed 
in the benthic, or ocean bottom environment, are easily distinguishable from those 
formed on the sea floor because of the attached pebbles and rock, and the fact that 
there is no coral or shellfish attached to the outer layer. 

Inside, just as with the sea floor formed concretion, the sub bottom concre- 
tion will be colonized by sulfate reducing and methanogenic bacteria. Complete 
disintegration of this artifact is assured over time, but it too will leave a cementite 
mold beneath the sea bottom. 

This discussion of concretions cannot be concluded without emphasizing 
the fact that an understanding of how concretions form and what processes take 
place in them is of vital importance to both a conservator and an archaeologist. 
The conservator needs this information to gauge the effects of time on an artifact. 
Iron stabilization can be a long process and concretion removal is only a small 
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Figure 16. Hollow concretion from an ocean site. The iron from the artifact has corroded and moved 
into the concretion leaving a hollow mold of what it once looked like. Photograph by Chris Valvano. 



part of it. The amount of chlorides absorbed and the condition of the artifact will 
determine its overall treatment time. Conservators can often gauge the condition of 
an artifact by the amount of iron in the concretion. In a similar way archaeologists 
should be able to say a great deal about site formation process by simply looking 
at if, and how, the iron at a site is concreted. 



POURBAIX DIAGRAM— THEORY 

The final section of this theory discussion will be used to describe a tool that 
can be used by both conservators and archaeologists to characterize a site. The 
Pourbaix Diagram is a simple illustration that demonstrates at a glance the type 
of site conditions present overall. It can also be used at a more focused level to 
describe the conditions found at or near a single artifact or area on an artifact. The 
Pourbaix is set up in different ways, but it is always a plotting of pH vs. Eh. pH, 
or partial hydrogen, is a measurement of acidity, and denoted by numbers 1-14 
indicating the negative logarithm of the hydrogen ion concentration. pH values run 
from 1 to 7 on the acidic side, and from 7 to 14 on the basic or alkaline side. A 
pH of 7 is neutral. Eh is the Redox Potential. It is the amount of electron pressure 
(voltage) being given off by artifacts on a site. Both Eh and pH can be measured 
by meter or simpler means such as titration strips in the case of pH. The theoretical 
limit for a metal artifact that is giving off electrons is about 1.5 volts, so the scale 
for Eh runs to plus or minus 1 .5 volts with 0 as neutral. 
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+1.5 volts 




- 1 .5 volts 

Alkaline/ Reducing Enviornments - Ideal for Metal Preservation 



Figure 17. Two different configurations of Pourbaix Diagrams demonstrating areas within the Eh/pH 
framework that are conductive to artifact preservation. 



Interpretation of the diagram can be accomplished by looking at the zones 
that are formed. The most beneficial zones for artifact preservation are alkaline/ 
reduction zones, while most artifact deterioration will take place in the acid/ 
oxidizing zones. The other zones alkaline/oxidizing and acid/reduction offer a 
mixed bag environmentally, preservation will depend on the artifact and its indi- 
vidual circumstance. 



ELECTROLYSIS— THEORY 

Various methods have been devised over the years to mitigate and even 
reverse the corrosion process in archaeologically retrieved iron artifacts. Many 
chemical, electrochemical, and heat treatments are successful in reducing the iron 
and stabilizing the artifacts. Yet, none of these methods are as cheap, easy to 
accomplish, or can offer ways of stabilizing iron without health or pollution risks 
as electrolysis or electrochemical cleaning in the form of the galvanic wrap. 

The principle behind electrolysis or electrolytic reduction is simple. A direct 
current is applied to an artifact and a sacrificial anode in an electrolyte. The artifact 
is grounded to the negative terminal to become the cathode while the sacrificial 
anode is connected to the positive pole of the direct current source. This artificially 
reverses the electron flow in the artifact and reduces it. As the artifact is reduced 
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the corrosion products on it are also reduced. Though electrolysis cannot supply 
the energy needed to turn the corrosion products back to elemental iron, they will 
reduce to magnetite, a much more stable form of mineralized iron. 

Corroding metal oxides invariably expand outward to take up more space 
than the original metal. In contrast, when a metal is reduced and heated to refine 
it to a pure metal, it shrinks. While the corrosion products are electrically reduced 
(collect electrons), they are also physically reduced in size. That is, the corrosion 
products change from various oxides and hydroxides (RUST) into magnetite and 
in so doing become physically smaller. This reduction in size of the corrosion 
product opens up the surface of the artifact to the rinsing action of the electrolyte. 
The chlorides and other anions from the environment that have moved into the 
artifact begin to leach out of the pores, micro cracks, and interior of the artifact 
out into the electrolytic solution since their pathways are no longer blocked by 
corrosion product. 

Electrolysis in iron, therefore, is nothing more than a facilitated rinse. The 
surface of the artifact will turn dark with stable magnetite while the harmful anions 
gradually wash from the object. 



ARTIFACT STORAGE— METHODOLOGY 

ALL recovered iron artifacts are actively corroding. While it is true that they 
are corroding at different speeds and some may be dry or have electrically passive 
coatings or come from a reducing environment — recovery changes everything. Dry 
site recovered artifacts, left to dry even further, will be thrown artificially into a 
dry cycle. Acid inside the concretion will build up, concretions will begin to crack, 
and the artifact itself may begin to spall and flake. Even those objects that show 
no active corrosion and are kept in low relative humidity have acquired anions 
from their stay in the soil. These anion’s such as Cl“ will initiate the corrosion 
process from within, perhaps years after recovery. This corrosion will show up in 
the form of weeping brown droplets that appear on the artifact. Concreted artifacts 
recovered from the ocean are also actively corroding and in need of stabilization. 
All corroded iron artifacts are surrounded by an acidic micro-environment, this 
micro-environment will encourage their continued destruction long after recovery. 

Artifact stabilization begins, therefore, with recovery. Artifact storage for 
dry recovered iron, wet recovered iron, and oceanic iron is identical and begins 
at the site of recovery. All iron artifacts, concreted or not, should be wrapped 
in aluminum foil and placed in a basic solution directly after recovery (the only 
exception being composite artifacts — see Chapter 8). The foil should be tight but 
also allow the solution to get between it and the artifact. 

This storage solution is no more than fresh water with the addition of a base 
to help neutralize the acid residing on the surface of the iron artifacts. Bases such 
as sodium carbonate or sodium bicarbonate (baking soda), are cheap, easy to find, 
safe, and serve a multipurpose as they can also be used during the electrolysis 
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Figure 18. Weeping corrosion breaking out on 17th century cast iron cannon. The weeping appears 
as dark colored droplets which grow with an increase in relative humidity. Phtograph by Chris Valvano. 



phase. Any basic solution will inhibit corrosion but storage solutions as high as 
5% by weight of sodium carbonate (5gr. Sodium carbonate in 95 ml water) or the 
same with sodium bicarbonate, will produce a pH approaching 13, and will work 
nicely to help stabilize artifacts awaiting treatment. 

The foil will actually begin the reduction of the artifact while it is undergoing 
storage on the basis of galvanic coupling. Since aluminum has a higher corrosion 
potential than iron it will donate electrons to the iron and reduce it (see section on 
Galvanic Wrap and Galvanic Coupling). 

The storage solution should start with rainwater, deionized water, or distilled 
water. Tap water contains chloride anions that will encourage corrosion in iron. 
Since there are no worries concerning osmotic collapse (as there are in wood), 
there is no problem in placing iron artifacts directly into the alkaline storage water. 
Non-concreted artifacts and dry recovered artifacts, even those covered in earth 
concretions will almost immediately gain the benehts of the storage solution as it 
will easily penetrate to the artifact surface and neutralize much of the acid there 
while the foil will begin a beneficial ion exchange with the artifact. 
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Ocean formed non-porous concretions greatly complicate iron storage. It is 
doubtful that the basic storage solution penetrates to the well-protected acid layer 
at the artifact’s surface and there is no reason to wrap these concretions in foil. 
The acid layer under the concretion has also become home to sulphate reducers 
and methanogens that can tolerate the anaerobic conditions and an acid 4.8 pH. 
Concretions formed on the sea floor and beneath the sea floor should be removed as 
soon as possible after artifact recovery or they will continue to promote corrosion 
in storage. 

Artifacts fabricated of dissimilar metals should never be allowed to come 
into contact in the storage solution or they will form galvanic couples. In a galvanic 
couple the less noble metal will corrode to donate electrons to the more noble metal 
that will be reduced and protected. The storage solution will act as an electrolyte 
for galvanic couples and the corrosion rate will be extreme. 

Iron artifact storage is only a temporary solution to the problem of arti- 
fact stabilization. The iron itself is porous and has absorbed large quantities of 
anions, these will have to be removed during processing to insure the continued 
stabilization of the object. 



FRESH WATER RECOVERED IRON 
ARTIEACTS— METHODOLOGY 

Iron objects recovered from fresh water lakes and rivers are sometimes found 
in pristine condition with no corrosion products and little or no concretion. It 
has been determined through experience that these artifacts need not undergo 
electrolytic reduction and are naturally stable. For treatment, these ferrous object 
are sent directly to the flnal wash stage. 



SMALL NON-CONCRETED IRON 
ARTIEACTS— METHODOLOGY 

Of all of the artifacts that will flguratively channel through the flow chart on 
page 69, this will be the smallest group. These are small fasteners, pins, decorative 
buckles, or broaches made of iron that seem to be in good condition and have little 
or no concretion. Above all they cannot have been recovered from a salt-water 
environment. 



GALVANIC WRAP— METHODOLOGY 

A galvanic wrap, known as electrochemical cleaning (Clarke and Blackshaw, 
1982: 18), works on the principle of galvanic coupling. Since aluminum foil has 
a lower corrosion potential than iron it can be used as an anode to reduce the iron 
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Figure 19. Nearly perfect preservation exhibited by a 19th century flat iron recovered from a fresh 
water site. Photograph by Chris Valvano. 



artifact. A galvanic wrap is a simple procedure. The artifact is simply wrapped 
tightly in aluminum foil and placed in an electrolyte contained in a beaker or 
glass — make sure the electrolyte gets between the foil and the artifact. The storage 
solution for iron ( 5 % sodium carbonate or bicarbonate) will work well as the 
electrolyte. The time frame for this procedure is variable but results should appear 
within a few days and the entire procedure will be completed in a matter of a few 
weeks. If there is a question whether an artifact is destabilizing, the galvanic wrap 
can be placed on it indefinitely. 

Results of the galvanic wrap should include a more defined surface, loss of 
any small amount of adhering carbonate, and a darkening of the surface of the 
artifact as it is reduced to magnetite. Magnetite is a stable non-reactive form of 
mineralized iron that frequently forms on the surface of reduced iron artifacts. All 
active ferrous oxy hydroxide (orange rust) should have disappeared during this 
process. 



CONCRETION ANALYSIS— METHODOLOGY 

Terrestrial brown mass concretions do not loan themselves well to analysis 
but there are simple procedures to test if the artifact is still intact inside the concre- 
tion. Hefting the artifact by hand will often reveal to a conservator whether there 
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is doubt about the intact nature of an artifact. If the concretion feels too light to 
be made of iron then the metal has likely entirely corroded leaving only a mold. 
This concretion can be drilled and the hollow filled with epoxy resin to replicate 
the artifact. If there is doubt about metal residing inside a concretion a magnet can 
be placed on it. The magnet will only be attracted to metallic iron, not the oxides. 

A common electrical multi-meter set for circuit continuity (ohms) and or 
resistance is a slightly more complex diagnostic tool used to test for artifact 
integrity. To effect this test the concretion is removed from two small places on 
the artifact and the probes of the multi-meter are touched to the artifact surface. 
If the meter registers a continuous circuit with little or no resistance, the artifact 
generally contains enough metal for conservation. It should be noted that in rare 
instances an artifact will contain enough metal for circuit continuity but not enough 
to survive electrolytic reduction, If there is any doubt the following radiographic 
testing should be done. Keep in mind that the tests listed above will succeed on 99% 
of the concretions that are tested, an X-ray machine is not considered necessary 
for the minimal intervention laboratory. 

For more complex or important concretions, radiography should be con- 
templated. Medical radiographic machines are not usually powerful enough to 
penetrate iron contaminated concretion, if the conservator needs a radiograph they 
will probably need to go to an industrial facility with machines that can produce 
120 to 350 kilovolts. X-ray photographs and flouroscopic images can often reveal 
detail of artifacts, such as their inner workings that cannot be gleaned in any other 
manner. If the artifact has deteriorated badly the x -ray may be the only data 
retrieved from it. Often a quick scan through an x - ray flouroscope will reveal 
whether an artifact is worth photographing. In a radiographic image the darker the 
shadow made by the artifact, the denser and easier it will be to conserve. Ironi- 
cally, some iron artifacts can be in too good a condition to be molded in epoxy but 
at the same time too badly deteriorated for conservation using the recommended 
methods from this manual. 

Concretions recovered from underwater sites can be examined and analyzed 
using virtually the same methods outlined above for terrestrial brown mass con- 
cretions. First they should simply be weighed by hand. Oceanic concretions can 
become much lighter than brown mass concretion as the iron in them can com- 
pletely disappear, lost to the environment. In this case the cementite and calcium 
carbonate concretion will weigh only a fraction of what it should if iron is present. 
If there is doubt, however, a magnet and a multi-meter should suffice to complete 
the analysis. On rare occasions, when other artifacts are seen or suspected within 
the matrix of the concretion, a radiograph may be called for. 



CONCRETION REMOVAL— METHODOLOGY 

Generally speaking, concretion removal for dry recovered or oceanic artifacts 
depends on the robustness of the object as determined in the concretion analysis. 
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For solid heavy objects, a few hammer blows at a 90 degree working angle to the 
artifact surface will suffice to remove the majority of the concretion. Ocean formed 
concretion will tend to fall away completely whereas brown mass concretions will 
need more fine work af fhe laboratory. Much of the concretion can be removed in 
the field so long as the proper analysis is conducted ahead of time. Transportation 
of large quantities of concretion is unnecessary, expensive, and can lead to further 
corrosion of ocean recovered artifacts. 

At the laboratory finer cleaning can be accomplished with the use of power 
tools such as an air or electric scribe (see Chapter 1). Dental picks and brushes 
compliment the air scribe as do frequent rinses under running non-chlorinated 
fresh water. This is an extremely messy procedure and when possible should be 
done outdoors. 

If, for any reason, the concretions are allowed to dry during storage there will 
be several consequences. First, dry recovered artifacts may go into dry cycle break 
up. Oceanic concretions will absorb carbon from the atmosphere and become very 
hard. If there is a carbonized layer on the artifact it will adhere strongly to the 
concretion. On removal of the concretion this graphite layer (cast iron) will spall 
off taking the archaeological surface with it. 

Only soft bristle brushes should be used to clean cast or pig iron artifacts 
after the concretion has been removed. A carbon matrix may remain on the sur- 
face of the artifact that looks like the original object but has no strength to resist 
abrasion. 

After scrubbing rinsing and cleaning, the artifacts can receive a final cleaning 
wifh glass bead blasting. Blasting cabinefs come in virtually any size depending 
on the intended use, industrially they are used to sand blast. In the laboratory less 
abrasive media is used, most often aluminum silicate beads. These beads will break 
on impact with an artifact absorbing much of the energy of the blasting (they must 
be replaced after some use). The glass beads come in fine, medium, and course 
sizes. Naturally the softer the surface to be worked the more care should be taken 
during the blasting phase. Cast or pig iron objects should not be subjected to more 
than 50 pounds of pressure per square inch in the blasting unit. Fine and medium 
grit blasting media should also be used. Usually the unit should be initiated at 
about 25 pounds pressure and adjusted upward if the blasting proves ineffective. 
The nozzle should be held four to six inches from the subject. 

Wrought iron can easily withstand 50 to 100 pounds of pressure and a 
medium to course grain size at the same nozzle distance to the subject as cast 
iron. Small areas on any object should be blasted and observed before the entire 
artifact is cleaned. 

The blasting pressure for steel depends entirely on the condition of the metal 
and can range from 25 to 100 pounds. Naturally the more robust the metal the 
higher the pressure than can be exerted. 

A blasting cabinet is not part of the original set up of a minimal intervention 
laboratory. Flowever, if metals are recovered and conserved on a regular basis, it 
and an air scribe should be first priority in equipment purchased after lab set-up. 
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LOW AMPERAGE ELECTROLYSIS— METHODOLOGY 

Low amperage electrolytic reduction or electrolysis should be used on cast 
and pig iron to reduce the risk of exfoliating any outer carbonized layer that may 
be present. During the process of electrolysis, hydrogen gas is given off by the 
artifact at the metal surface. If the electrical amperage is limited the gas production 
is minimal and so are the chances that hydrogen production will loosen or destroy 
the carbonized outer layer. 

Electrolysis is an electrochemical process whereby the corrosion product 
accumulated on the surface layer of an artifact is reduced to a more stable form of 
iron mineral. This mineralized corrosion product has a smaller surface area than 
common rust allowing for an increase in the artifact’s surface porosity. Chloride 
ions that have penetrated the metal are then more easily rinsed out of the metal 
and into the electrolytic solution. 

Electrolytic set up is not complex. Eirst a cleaned artifact is placed in one of 
the tanks used for this purpose. Be sure the exhaust fan in the lab is turned on as the 
hydrogen and oxygen gases given off during the process can be a very explosive 
combination. 



DC- Power 




Figure 20. Set up for electrolytic reduction. The artifact should not be allowed to touch the anodes 
but the anodes should closely surround the artifact. Illustration by Nathan Richards. 
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Next the electrolytic solution is prepared. Enough water should be added to 
the tank to more than cover the artifact. Electrolytic solution is made by mix- 
ing a .25%-.5% sodium carbonate (Na 2 C 03 Soda ash), or sodium bicarbonate 
(NaHC 03 - baking soda) solution. This calculates to .25 grams to .5 grams of 
soda per 99.75-99.5 mis of water (lOOmls is close enough). Solution percentage 
is used to control the amperage or amount of electricity flowing through the sys- 
tem. The more sodium carbonate or bicarbonate added to the solution the more 
electricity can be carried by the free ions, hence a higher amperage will be regis- 
tered for a .5% solution than a .25% solution. Amperage registered on the battery 
charger with light electrolyte solutions of .25% to .5% should range from less than 
1 amp to 7 amps depending on the surface area of the artifact (see note on light 
concentration electrolyte). 

After the elelctrolyte is prepared and placed in the tank two mild steel anodes 
are placed adjacent to the artifact. Be sure the anodes do not touch the object as this 
will create a dead short. The sacriflcial anodes should be connected to the positive 
terminal (RED) of the DC power source with alligator clips. Charging both anodes 
can be done by clamping the DC power source clip to one of the sacrificial anodes 
and cross connecting the two anode plates with a small cross connect alligator wire 
with clips. Locating the alligator clips on top of the anodes, out of the electrolytic 
solution will save having to replace them. In solution they will corrode readily. All 
connections should be made to bare shiny metal on the sacrificial anodes, alligator 
clips placed on painted or corroded surfaces will not conduct current. A file or 
sandpaper can be used to create a bare shiny contact point on each anode. 

The artifact is then connected to the negative terminal (BLACK) of the DC 
power Source. This can be done with an alligator clip (it will be protected and 
reduced with the artifact so there is no worry about this clip corroding). The point 
of contact must be bare shiny metal, so an out of the way area on the artifact must be 
cleaned through concretion and corrosion product and the clip connected to it. An 
alternative procedure would be to strip a wire and wrap the stripped section around 
the artifact so long as it touches and makes good electrical contact with the artifact. 

The most frequent problem with electrolysis is that the contact points offer 
electrical resistance. If the contact points are not bare shiny metal the circuit will not 
be complete and the process will not work. Connection continuity can be checked 
with a multi-meter set for resistance in ohms. The two probes on the multi-meter 
are touched to the upstream and down-steam side of an alligator clip connection, 
if the meter reads 0 resistance, the connection is continuous. 

Cast and pig iron will receive low amperage electrolysis at 6 volts. The amp 
meter on the DC power source should move between 0 and 4 amps. In a short 
period the artifact will be giving off a fine mist of hydrogen bubbles. 



HIGHER AMPERAGE ELECTROLYSIS— METHODOLOGY 

Higher amperage electrolytic reduction is reserved for wrought iron artifacts. 
Unlike cast and pig iron, there is little danger of damaging wrought iron with too 
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much current and resulting gas generation. Normally gas generation should be kept 
to a minimum as it will interfere with the chloride rinse, but in certain instances it 
can actually help in cleaning soil from cracks and fissures and to remove stubborn 
concretions. 

Higher amperage electrolysis is set up the same as low amperage electrolysis. 
The only difference in higher amperage electrolysis is that a higher percentage 
sodium carbonate or bicarbonate solution is prepared (.5% to 1%) and the power 
source is switch to 12 volts rather than 6. Most power sources cannot sustain 
a production of more than 10 amps without automatically shutting down, so too 
high a percentage of sodium carbonate or bicarbonate will carry too much load and 
eventually shut down the battery charger. Ten amp power production at 12 volts 
can be felt as a tingling sensation, should you place your hand in the electrolyte, 
but there is no danger whatever of electrocution. 



NOTE ON LIGHT CONCENTRATION ELECTROLYTE 

The minimal intervention laboratory uses a very dilute electrolyte solution 
for several reasons. First the direct current (DC) power sources used in a mini- 
mal intervention laboratory are battery chargers that can be purchased from any 
hardware or automotive store. They have no amperage controls and will basically 
supply as much electricity as they are rated for (example 6 or 10 amps). The dilute 
electrolyte solution keeps the current load within the capacity of the charger ( 1-6 or 
10 amps) and represents an extremely low current density on the artifact. Minimal 
hydrogen gas production is the observable goal in electrolysis. Overt gas produc- 
tion simply interferes with the electrolytic rinse. This minimal gas production can 
be best achieved at anywhere from 50 milliamps to 2 amps depending on the size 
of the artifact (the greater the surface area the greater the amperage). 

Battery chargers as DC power sources are cost affective, affordable, and easy 
to use (simply place on manual and select 6 volts). Experience has demonstrated 
that there is no danger from power surges producing enough gas to exfoliate the 
outer layers of an object. Should this still be a concern, the chargers are easily 
modified with a capacitor (in the 3300 micro ferrid range) wired between the 
positive and negative outflow if it is desired to have a smoother current supply. 

The minute amount of soda in the electrolyte solves several other problems 
reported by laboratories. The alkaline soda solutions are so dilute and non-toxic that 
disposal is never a problem, in fact the solution can easily be ingested or splashed 
in the eyes with no ill effects. Some other caustic electrolytes such as sodium 
hydroxide (NaOH) can actually burn the skin on contact with an artifact after 
weeks of rinsing. Electrolysis with these dilute sodium carbonate or bicarbonate 
solutions can be undertaken on artifacts that are wood and iron composites (see 
chapter 8), as the electrolyte does not harm most wood in the time frame given for 
the treatment. 

Some laboratories report insoluble carbonate precipitates on their artifacts 
when using high concentrations of soda as an electrolyte. High concentrations 
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are unnecessary and actually counter productive as they must be neutralized for 
disposal and will carry too large an electrical load to keep gas production to a 
minimum. 

Finally it appears that most laboratories use a high concentration electrolyte 
to reduce the amount of corrosion on the sacrificial anodes. This is understandable 
if the treatment tanks are made of mild steel and the tank itself is used as an 
anode. The anodes used at a minimal intervention lab are scrap metal placed in 
a tank. These cheap and easily obtained anodes are sacrificed to protect both the 
conservator and the artifact, in this light the anodes cost is negligible. It should 
be noted that as the anode corrodes, the treatment water will become cloudy with 
foam on the surface while it turns red from the corrosion products, this is to be 
expected. The electrolyte will settle and become clear again in a matter of a few 
days. 



CHLORIDE TESTING— METHODOLOGY 

Since the principle of electrolysis is based on reducing corrosion products 
and rinsing anions from the iron, the amount of anions, particularly chlorides, in 
the electrolytic solution should give a good indication of how far along the rinse 
is. Though this is true in theory there has never been direct analytical correlations 
established between the onset of reactivated corrosion in an artifact and the amount 
of chlorides rinsed during treatment, or between the amount of chlorides present 
in the rinse solution and those left in the metal. 

Other problems exist with using chloride content as an indicator of treat- 
ment duration. The measurable chloride content of a small artifact placed in a 
large treatment tank will not be sufficient to change the overall chloride content of 
the electrolyte. This may trick an uninformed conservator into concluding there 
were no chlorides in the artifact. Therefore, it should be understood, that chlo- 
ride testing is not by any means an absolute measure, nor is it essential to doing 
electrolysis. Chloride testing is dependant on the ratio of artifact surface area to 
treatment tank volume, the amount of chlorides present in the artifact, the size 
of the artifact in relation to the tank volume, the porosity and material type of 
the artifact. For the purpose of conservation in this manual, chloride testing and 
graphing is only recommended for large artifacts, those that will undergo months 
or years of treatment. 

In principle chloride testing works as a graph of chlorides measured in parts 
per million (ppm) in the rinse solution plotted against time. When the chlorides 
rise to a certain amount in the rinse solution it is changed so a back-pressure of 
chlorides will not build up and inhibit further rinsing (see chart). 

Generally speaking when the weekly test of chlorides reveals a level of 1000 
to 1500 ppm or more, the solution is changed and the anodes are scrubbed free of 
corrosion. It is also a good idea at that time to scrub and rinse the artifact with nylon 
brushes to remove stubborn concretion and free loose surface debris and corrosion 
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Idealized Chloride Ion Rinse Chart 

Large Artifacts Only 




Figure 21. Graph of chloride rinsing in a large iron artifact in parts per million of chloride ion 
concentration vs. time in weeks squared (64 weeks total). 



products. After treatment has proceeded for several weeks a concentration of 500 
ppm or more will signal the need for cleaning and change of solution. Eventually 
the solution will be changed at 100 ppm and distilled, rain, or deionized water can 
be substituted for tap water to eliminate any external source of chlorides from the 
process. When the chloride ion concentration levels at something near 50 ppm the 
treatment is discontinued and the artifact is ready for the final washing. 

There are many ways to test for chloride ions, some of which are themselves 
a source of toxic chemical production. The actual test presented in this manual is 
simple, safe, and non-polluting. It can be accomplished by placing a small sample 
of the electrolyte in a clean 50 ml beaker. A chloride titration strip (available at 
scientific suppliers) is placed into the beaker. When enough solution wicks to the 
top of the strip the white indicator line on the strip is read and compared to the 
chart for ppm chloride ions. If the electrolytic reduction is initiated in tap water 
the city-normal chloride ion concentration, should be subtracted from the total 
chloride reading to compute an accurate chloride rinse reading. Larger artifacts 
such as cannon and anchors will take up to 4 years of electrolytic reduction. 

Simple time frames serve as good references in the treatment times for 
smaller artifacts. Pin, nail, or buckle sized iron artifacts should receive one to 
three weeks of electrolysis. The solution should be changed weekly only if the 
artifacts are heavily contaminated with salt and they are in a ratio of one artifact 
per liter of solution or higher. Larger artifacts such as iron drift bolts, cast machine 
parts, spikes, or rifle barrels should undergo up to three months of treatment, with 
bimonthly changes of solution. 
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In the end, the only indisputable method of determining if the electrolysis 
treatment time has stabilized the artifact is to observe it in storage. If, at any time 
(perhaps years later) it begins to corrode or weep an oily brown liquid, the artifact 
needs further reduction treatment. 



FINAL WASH— METHODOLOGY 

When an artifact has completed electrolysis it should undergo a final scrub 
with nylon bristle brushes and a paste made from sodium bicarbonate and distilled 
or deionized water. A rinse and hour long soak in distilled water will insure that 
most of the electrolyte and bicarbonate have been removed. 

Boiling a robust artifact for several hours in a 2% sodium carbonate, or 
bicarbonate solution, can help deep clean an artifact. This should not be done if the 
artifact has any fragile or friable areas. Afterward the object should be rinsed and 
soaked in distilled water. At this point all artifacts have been cleaned of chlorides 
and should not be handled without gloves for the remainder of the treatments. 



DEHYDRATION— METHODOLOGY 

There are two basic types of dehydration recommended for iron, oven drying 
for wrought iron and solvent drying for cast. Wrought iron is more robust than cast 
and has no surface carbonized layer that could flake off during the dehydration 
process. Additionally, though wrought iron will corrode along the silicate slag 
intrusions there will, in all probability, be no Assures that penetrate to the interior 
of the artifact, as there will be in some cast iron objects. These Assures could be 
pressurized, should the water in them turn to steam, and cause the artifact to break 
apart. 

Oven dehydration for wrought iron artifact begins with the oven preheated 
to 350 degrees F, or 177 degrees C. Remove the artifact from the distilled water 
bath and place it in the oven for 24 to 48 hours. The length of dehydration depends 
on the surface texture of the artifact. Generally, the rougher the texture the longer 
the dehydration period. Most often with this method a small amount of orange 
iron oxide will form before all of the water evaporates. This oxide is no problem, 
and can be cleaned with a cloth dipped in alcohol, in any case the presence of the 
oxide will not effect the final esthetic appearance of the artifact. 

Solvent dehydration is a much more delicate process and can be used on 
cast and pig iron artifacts as well as all others that may be heat sensitive such 
as soldered cans or historic pieces that may still have paint or surface treatments. 
Solvent drying subjects an artifact to three successive baths in acetone or denatured 
alcohol. Organic solvents are extremely flammable and great care should be taken 
they are kept from any ignition source. They may also pose other health risks and 
should be handled without inhaling the vapors or prolonged contact with the skin. 
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Each bath should take at lest an hour. When the artifact is removed from the 
first bath it should be placed into fresh solvent and the process repeated to insure 
complete water removal. This is obviously much more expensive and dangerous 
than oven drying but it is gentler to the objects being treated. Solvent tubs should 
be covered and clearly marked. Used solvent should be stored in approved metal 
cans and can be used to treat more than one artifact. 



TANNIC ACID APPLICATION— METHODOLOGY 

According to the Material Safety Data Sheets, tannic acid can be a carcinogen 
with prolonged exposure. Its use should be restricted to outdoors or well ventilated 
rooms. It should only be handled with rubber gloves and a breathing mask should 
be worn during treatment. Also its application to the surface of an artifact is 
not mandatory. Esthetics and or archaeological reasons may dictate that it not be 
used. 

Tannic acid is applied to the exterior of an artifact for two reasons. First, 
although it is an acid, it is a corrosion inhibitor. This acid forms complex organic 
compounds that help stabilize the surface of the artifact being treated. The second 
reason to use tannic acid is that it restores the artifact to a more historically correct 
black color. 

To apply the tannic acid the artifact is allowed to cool from oven drying, 
or air dry from solvent drying. A 5% mixture of tannic acid in alcohol (5 grams 
tannic acid to 95 ml. alcohol) is brushed on the surface of the artifact. Several coats 
may be necessary to thoroughly darken the object. Water should not be used as the 
solvent medium for the tannic acid for the obvious reason that the artifacts were 
just dehydrated. 



PROTECTANT APPLICATION— METHODOLOGY 

A final humidity barrier should be applied to the surface of most iron artifacts 
to prevent moisture from reentering the object and promoting corrosion. This coat- 
ing should be applied immediately after the tannic acid application or dehydration 
if no acid was applied. 

Small to medium sized artifacts can be safely coated in microcrystalline wax 
(micro- wax can be obtained from conservation suppliers). The wax application pan 
should be a high sided large container (like a turkey roaster) that can fit on the 
stove top and be serviced by more than one burner. Micro-wax has a high melting 
temperature for wax at about 175 degrees F (79 degrees C). The micro- wax is 
melted on the stovetop with burners set to medium. The exhaust fan above the 
stove should be turned on as the fumes from the melting wax can be irritating. 
Once the wax is melted the burners can be turned between medium and low the 
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wax should remain at about 210 to 220 degrees F (98.9 to 104 degrees C). A 
wire basket does well to support most artifacts while undergoing treatment and 
saves the conservator from having to fish in the wax with a utensil to retrieve the 
artifact. 

When the artifact is placed into the melted wax it will begin to bubble 
vigorously as more water is driven from the objects surface by the heat of the wax. 
The bubbling usually subsides in a couple of hours or less. When it has stopped 
turn the stove top burners to low and wait one hour to remove the wire basket and 
artifact from the wax. Place the basket on a pan to drip excess wax while it cools. 
Excess wax can be removed with a knife after the artifact has completely cooled 
or smoothed with the fingers before the wax has totally solidified. 

There are a few dangers involved in micro-wax coating artifacts. Danger of 
bums is ever present around melted wax, great care should be taken to prevent 
this and heavy thermal gloves are recommended when working around the stove. 
Fire is another danger when dealing with hot wax. To prevent this the micro-wax 
should never be left on without a technician in the room. 

The micro-wax coating both dehydrates and protects the artifacts from mois- 
ture in the atmosphere. It can be reapplied at any time or removed in boiling water 
or an oven. Unfortunately micro-wax is impractical to use it on larger artifacts. 

Shellac is another coating that has been used successfully for years by con- 
servation technicians as a moisture barrier. It is easily applied with a paint brush or 
spray applied. Shellac can be thinned or removed with alcohol should it become 
necessary to do so. 

Finished iron artifacts are safe to handle and should be stored under climat- 
ically controlled conditions. Ideally the temperature should not vary more than 
a few degrees and the relative humidity range should be kept around 40% to 
50%. 



CONCLUSION 

Iron artifacts represent a true challenge to the archaeologist/conservator. Of 
the many processes developed for the treatment of iron, only a few truly fit into the 
safe, non-toxic, and easy to use category. Low amperage, light load electrolysis, 
and galvanic wrapping are safe, effective, and easy. The results of conserving 
all the iron artifacts recovered from an archaeological site should be dramatic. 
Interpretation will be easier and more accurate. Micro-excavation will reveal detail 
not seen before and a stabilized artifact can be revisited even after indefinite time 
periods in storage. 

Conservation of iron and other metals truly begins with adequate planning 
before the retrieval of iron artifacts on an archaeological project, land or under- 
water. As will be seen, all metal artifacts will benefit from stabilization recovery 
in which the artifacts are place in an alkaline storage solution and in most cases 
wrapped in aluminum foil for transportation to the lab. 
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Archaeological Copper (Cu) and Copper Alloys 



COPPER— THEORY 

Copper may rival gold as the first metal used by man. Its distinct red color and 
blue green oxides are unmistakable, no doubt catching the notice of our late stone- 
age ancestors. Unlike iron, native copper can sometimes be found in its metallic 
form. Copper has many properties that made it useful. It is malleable, ductal, and 
resists corrosion, native copper is easily worked and hammered into useful tools 
and ornaments. 

Copper use appears in Asia Minor around 8000 BC but the production of 
copper from ore does not begin until the middle of the fourth millennium BC. Mod- 
ern copper extraction and smelting is a complex process specifically engineered for 
the ore type to be refined. However, historic copper smelting from high-grade ores 
or the mineralized oxides of copper was relatively easy. Copper has a low melting 
point and could be reduced in an open hre and later in open-hearth furnaces. Its 
oxidized ores such as nautokite, paratacamite, and cuprite were easy to identify 
by their blue and blue/green colors, but the most plentiful ores are the anaerobic 
sulfide minerals such as chalcocite and covellite that are dark in color. 

Copper has many properties that allow it to survive well in an archaeological 
environment. Unlike iron, copper is fairly stable in metallic form. When it does 
corrode the corrosion product, or patina, is electrically passive. The electrically 
passive patina polarizes the anode, greatly slowing the corrosion rate. The ions of 
this metal are poisonous to most life forms greatly altering how concretions form 
on copper compared to non-poisonous iron. So copper artifacts can easily survive 
thousands of years in the soil or sea floor environment. 

Native copper and copper ores generally contain other metals such as lead, 
nickel, zinc, gold, silver, platinum, arsenic, and antimony as well as other minerals 
such as phosphorous. The trace amounts of these contaminants can sometimes be 
used to reveal the source of native copper or the areas from which historic ores 
have been extracted. The trace metals also add to copper’s corrosion resistance by 
greatly slowing the electron flow from the metal. 

Pure copper is too soft to make lasting edges or cutting tools. In its pure 
form it was not much more useful than a knapped bi-face stone tool. Yet around 
the time copper was first smelted from ore, early metallurgists found that combining 
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it with various amounts of tin greatly improved its hardness. Bronze, the alloy of 
copper and tin, dominates as the most useful metal for two millennia until iron is 
introduced. 

Bronze contains various amounts of tin depending on the desired properties 
of the metal. Bronzes that contained only about 10% tin could be worked in a forge 
to produce fasteners and tools, much as wrought iron was later used. Bronze can 
contain 25% or more tin plus various lesser percentages of other metals. Historic 
bronze can also contain iron or lead, in which case the alloys are referred to as iron 
or leaded bronzes. Bronze could be fashioned into tools, statues, cannon, bells, 
and swords. 

By the early Iron Age metallurgists discovered that they could combine 
copper with zinc to form a more malleable and easily worked alloy called brass. 
Brass can be worked in a forge similar to wrought iron, or it can be poured into 
molds. Brass contains many of the trace elements found in bronze including arsenic, 
antimony, and phosphorous, all of which tend to inhibit electron flow and corrosion. 
The alloy can contain up to 45% zinc, making it harder yet more brittle than pure 
copper. Brass can also contain tin, nickel, lead, and iron in varying amounts. Some 
of these alloying metals are added to change the properties of the metal, some are 
contaminants, and others like iron, are added to make the brass cheaper and less 
expensive to produce. Though copper can be found in metallic form and its early 
use for tools and ornaments is easily understandable, it is rarer and more expensive 
than its alloying metals. 

Brass, can be divided into two major categories. High and Low brass. High 
brass is actually a cheaper metal containing over 32% zinc plus other metals. 
It is bright yellow in color and can be mistaken on sight alone for gold. High 
Brass is also know variously as Yellow Brass, Cartridge Brass, or Muntz Metal 
often depending on its use. High brass can be used for fasteners and sheathing for 
wooden ships, for ornaments and jewelry, and as the name implies, cartridges by 
mid- 19th century. 

Low Brass is 20%-30% zinc, and is less reactive or more corrosion resistant 
the high brass. Low Brass is also variously known as Admiralty Brass or Red Brass. 
This brass is more malleable than high brass and is darker in color, very similar to 
pure copper. Low brass’s corrosion resistance made for ideal ship’s fittings, pipes, 
engine fittings and gauges. 



CORROSION IN COPPER AND ALLOYS— THEORY 

Like all metals, metallic copper will corrode in order to seek its’ most sta- 
ble electrochemical form. Usually this means that a metal will return to the per- 
durable oxide or sulfide ores that it was originally smelted from, turning full circle 
electrochemically. In this light, copper will begin to corrode in a similar way 
to iron by acquiring a positive charge and becoming an anode with a galvanic 
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potential. 

Anode (+) 

Cu° -> Cu+2 + 2e- 

4Cu° + 2 H 2 O + O 2 + 4e~ 4CuO + 4H+ 

As with iron, this formula means that metallic copper will give off electrons. The 
electron discharge allows the copper ions to migrate from the surface of the metal 
and combine with water and oxygen to form the copper oxides (Cuprite and or 
Tenorite) and acid. In the presence of chloride anions the reaction and outcomes 
are nearly the same with the formation of cuprous chloride is CuCl, cupric chloride 
(nautokite) CUCI 2 or cupric hydroxy chloride (paratacamite) Cu 2 (OH) 3 Cl. 

At the cathode the electrons given off by the copper reduce water and oxygen 
to form alkaline hydroxyl ions. 

Cathode (— ) 

O 2 + 2 H 2 O + 4e~ 40H~ 

Yet there are complications in copper corrosion not found in iron corrosion. 
Greatest among these is the fact that the corrosion products do not conduct elec- 
tricity. This automatically polarizes the reaction by placing a barrier between the 
positive and negative pole of the corrosion reaction. If the exchange of electrons 
stops, the corrosion will also cease. Pure copper then will only corrode so long as 
the surface is cleaned of this patina by physical wear or weathering. 

Yet so long as corrosion is an electrical transfer, differential aeration corro- 
sion will still be a problem with copper, as it is with iron. For the anode (area of 
disassociation of the metal) may not be the area where the electrons are reducing 
water and oxygen. So corrosion product build up at the anode may not prevent 
electrical exchange at the cathode. 

Copper fasteners will show this corrosion in the form of a narrowing of the 
artifact or necked area. The necking will demonstrate to the archaeological observer 
where the metal was once covered, even if that covering (wood for instance) has 
long since disappeared. 

Alloys of copper pose a greater corrosion risk than does pure copper. It 
is physically impossible to completely mix molten metals. Impurities and other 
contaminants also contribute to a less than perfect alloy. This will create areas on 
the surface of an artifact with a higher corrosion potential than the surrounding 
metallic surface. The metal ions in this area will begin to give off electrons and begin 
to migrate as free charged ions before combining with anions such as chlorides or 
oxygen to form corrosion products. The charge given off by the corroding anodic 
area is absorbed by adjacent metal. This metal will act as the cathode for the 
reaction and water and oxygen will be reduced to hydroxyl ions at the surface. 
The result is pitting corrosion or the dissolution of metal from one defined place 
on the surface of an object. 
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Figure 24. Copper alloy rivet undergoing differential aeration corrosion or “necking”. 



Pitting is a concern in both the preservation and storage of copper alloy artifacts. 
Its onset is often seen as mysterious and its effects on the surface of the artifact 
can be devastating if unchecked. 

Yet pitting can be a minor concern in alloys. Particularly alloys with as 
great a Corrosion Potential (E Corr) difference as there is between copper and 
tin (with bronze) and copper and zinc (with brass). Normally these metals lying 
in electrical contact would initiate a galvanic coupling (see galvanic corrosion 
page 76) in which the less noble metals would donate electrons and corrode 
while reducing the more noble metals, which will be protected. And of course 
galvanic coupling is a concern on any archaeological site that might contain 
dissimilar metals. Almost invariably when iron and copper are in contact the 
iron will be corroded and the copper will look, if not pristine, then very good 
comparatively. 

This same galvanic process does occur inside bronze and brass. The tin in 
the case of bronze or the zinc in the case of brass will selectively corrode out of the 
alloy. Dezincification, in the case of brass, or destanification, in the case of bronze 
leaves a matrix of crystalline copper where the alloy used to be. Dezincification 
and destanification are problems that are mainly encountered in sea water but could 
also be a problem in earth bound artifacts. Galvanic dissolution will reduce the 
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Pitting Corrosion in Copper Alloys 

Enlarged View of Metallic surface 



Mineralized Concretion is Cathode - 




Figure 25 . Copper alloy undergoing pitting corrosion. Pitting is problematic even in storage. 




6 cm 1.5 3 

Figure 26. Dezincified brass bolt. The zinc has preferentially corroded weakening the bolt while 
leaving a crystalline copper matrix. 



physical strength of an artifact. A dezincified brass bolt, for instance, will have no 
more strength than a piece of chalk. Great care should be taken in handling copper 
alloys that are suspected of selective corrosion attack. 



CONCRETION FORMATION— THEORY 

Dry or earth recovered copper artifacts will rarely have much concretion 
only a surface layer of corrosion product. Dark brown or black corrosion products 
will indicate anaerobic corrosion with dominant sulfide staining. Blue and green 
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6 cm 1.5 3 

Figure 27. Copper alloy concretion begins with the deposit of calcium carbonate on an alkaline 
surface just above the corrosion product. Afterward, shellfish can attach themselves to the artifact 
(Note C shaped shell attachment). 



corrosion products will indicate oxides produced in shallow burials. Unlike iron, 
there are methods for reducing the corrosion products on the surface of copper and 
alloyed artifacts back to a metallic form, so the corrosion should not be removed 
under any circumstance during archaeological recovery. 

In the sea, concretion can form on copper artifacts, though it will never be 
as thick as it is on iron (see iron concretion). Copper ions are toxic to the fouling 
organisms that would normally colonize a metallic artifact on the sea floor making 
copper the natural choice in the late 18th century for shipbuilders to sheath their 
wooden ships. But the initial copper corrosion can be enough to acidify the layer 
of water near the artifact’s surface. The acidification of this layer will supersaturate 
the water there in calcium carbonate. As this water moves away from the artifact 
the calcium carbonate may precipitate out of the water forming a white chalky 
shell on the artifact. In time fouling organisms may be able to colonize the calcium 
carbonate surface of the artifact, but never to any depth. There is no indication that 
sulfate reducers or methanogens can colonize the interior of these concretions. 
Green, blue/green migrating copper ions will seep to the surface of the concretion 
and inhibit most continued coral growth. As on land, dark brown and black sulfide 
stains will indicate that an artifact was interred in the anoxic regions below the sea 
bottom. 



RECOVERY AND STORAGE OE COPPER AND 
ALLOYS— METHODOLOGY 



Dry site recovered copper and copper alloy artifacts, like all metallic artifacts 
on recovery, should be placed into an aqueous basic solution of 2 % to 5% sodium 
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carbonate or sodium bicarbonate (baking soda). The solution is easily mixed with 
2 to 5 grams of sodium carbonate or bicarbonate added to 98 to 95 ml of distilled or 
deionized water (see storage of iron). Damp concretions that are allowed to air dry 
do seem to become tougher than if they are immediately submerged in an alkaline 
solution. The artifacts should also be lightly wrapped in aluminum foil that lets 
the storage solution penetrate to the artifact. This will protect the artifacts from 
oxidation while they are in storage. The combination of aluminum foil and sodium 
carbonate will begin the reduction process that will continue in the laboratory with 
electrolysis or galvanic wrapping. 

Storage of dry recovered artifacts should be in the same basic solution where 
they were placed on recovery. Not only will the alkaline solution and aluminum 
foil protect the artifacts, electrochemically, the water itself and the buoyancy it 
affords will mitigate some of the effects of gravity on the most friable artifacts. 

Most copper and copper alloy artifacts recovered from the sea are in a good 
state of preservation, covered in a blue/ green patina. They will, however, be 
chloride contaminated and need thorough electrolytic reduction. Copper and alloys 
recovered from fresh water are in better condition, sometimes as shiny as the day 
they were cast or wrought. 

Storage is the same for sea and fresh water recovered artifact as it is for 
dry site recovered artifacts. Immediately on recovery they should be wrapped in 
aluminum foil and placed in a 2% to 5% sodium carbonate or sodium bicarbonate 
solution. This will begin the reduction process and mitigate any damage done to 
the artifact on its removal from the site. 

Copper alloy artifacts recovered from anaerobic environments in the benthic 
(sea floor) environment are invariably in the worst condition of those mentioned 
above. Attacked by sulfate reducers, these artifacts will be covered with a black 
or dark brown sulhde layer of chalcolite or covellite. These surface coating are 
apparently not as electrically passive as the oxide coatings, making it even more 
of a priority that the artifact be stored in an alkaline solution and wrapped in 
aluminum foil for galvanic reduction and protection. 



CONCRETION REMOVAL— METHODOLOGY 

Concretion in this section should be minimal. It is dehned as dirt, carbonate, 
and calcium carbonate adhering to the artifact. The dirt can be scrubbed cleaned 
under a stream of fresh water with soft nylon bristle brushes and a paste of sodium 
bicarbonate in water. 

The calcium carbonate will disappear during electrolysis or the galvanic 
wrap phase, along with the corrosion product. If it remains stubborn despite the 
reduction phase it is easily removed in a citric acid soak. To accomplish this an 
artifact is placed in a container of 10% weight to volume citric acid. This is a 
mixture of 10 grams of citric acid crystals in 90 ml of water. This acid is safe at 
this concentration and in fact will exhibit biotic growth over time. The growth does 
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not interfere with the performance of the acid. Citric soaks can last from an hour 
to several days. 

It is not, however, advisable to immediately acid soak an artifact before 
treatment as this will remove some of the corrosion product. Electrolysis and 
galvanic wrapping will actually reduce this corrosion back to elemental metal. 
This can bring out previously unseen fabrication marks, delicate etchings, not 
previously seen on machined or stamped plates. 



ELECTROLYTIC REDUCTION EOR SALT CONTAMINATED 
ARTIEACTS— METHODOLOGY 

Electrolytic reduction of copper alloys follows the same basic procedure 
outlined for iron electrolysis. Again, as with iron, the main concept is to reduce 
the metal corrosion products to more stable forms, and thereby increase the porosity 
of the artifact in order that the chlorides rinse faster. Unlike iron, however, there 
is evidence that some of the corrosion products in copper and copper alloys will 
reduce back to elemental copper, so it is important that the corrosion products 
not be removed before reduction. Should these corrosion products, or the calcium 
carbonate concretion remain stubbornly attached to the artifact, the concretion 
removal segment should be revisited. 

Most salt contaminated brass and bronze artifacts respond well to low current 
density electrolytic reduction. Amperages should be limited to less than two amps 
except for large objects that can take more current. A light electrolytic solution of 
sodium carbonate is safe for all metals and copper alloys are no exception. 

Set up for copper and copper alloyed artifacts is the same as it is for iron 
artifacts with one exception, the sacrificial anodes should be copper. The object 
is placed in a container submerged in .25% to .5% sodium carbonate or sodium 
bicarbonate electrolyte. The artifact is grounded via an alligator clip to the negative 
terminal of the DC power source and surrounded by sacrificial copper anodes 
connected to the positive terminal of the power source. At low current density and 
low amperage a certain amount of metal from the anodes will plate out on the 
artifact and corrosion residue in the surface inter-granular boundary will reduce 
to metallic copper. This can be a great help in defining wear patterns, fabrication 
marks, or illegible designs and inscriptions in the metal’s surface for all of these 
will be brought to crystal clarity. 

Since plating will occur on the artifact it is suggested that the anodes for 
copper and its alloys should also be copper, brass, or bronze. This is not a mandatory 
step but will save some work in the long run. If mild steel anodes are used, magnetite 
will plate out on the copper alloy artifact. Since magnetite is black it will need to 
be scrubbed off of the surface of the artifact to bring back the proper coloration. 
This is easily done with a tooth brush and sodium bicarbonate paste, but takes 
some time. 
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The copper alloy sacrificial anodes can be scrap metal or copper piping from 
a hardware store. It should be realized, however, that the alloying metal will be the 
first to corrode in the anode. This means the artifact could be plated with zinc, tin, 
and even magnetite as there is a good deal of iron in modern copper pipes. All of 
these plated coatings can be scrubbed off the artifact and it is not a great problem. 
The best modem copper to use for anodes is thick wire. Wire grade copper is nearly 
pure and will plate on the artifact as pure copper, making the alloy artifact look 
as though it is made of pure red copper. Though this plating is unrealistic in color 
an aesthetically pleasing and natural patina is returned through finishing soaks in 
sodium sequicarbonate. Copper wire anodes are flexible, easy to use, and can be 
arranged to lye close to the artifact. Their only drawback is that they will need to 
be changed often, as they will corrode quickly. 

The anodes should be placed so they rise above the surface of the elec- 
trolyte, at least in one area so they can be connected to the positive terminal of the 
DC power source without submerging the connecting alligator clips. If the clips 
are submerged they will corrode in a matter of minutes and the electrolysis will 
cease. 

Electrolytic reduction should be initiated with 6 volts but can be increased 
to 12 volts to produce the desired amperage. If all is working properly the con- 
servator will notice a blue pigmentation near the anodes in the electrolytic solu- 
tion almost immediately on turning on the direct current power. As would be 
expected in a mildly basic electrolyte, the anodes will corrode inundating the 
solution with a light blue color. The blue copper ions and oxides will diffuse 
throughout the electrolytic solution and obscure the view of the artifact. Hydrogen 
and oxygen evolution at the artifact and anodes will foam the surface of the water. 
The blue pigmentation will settle in three days and the artifact will again be in 
view. 

After the electrolytic reduction is complete, care should be taken in the 
disposal of the electrolyte. Unlike iron, the copper solution has some mild toxicity 
and should not simply be sent down the drain. Instead, the electrolyte should be 
allowed to evaporate and the oxides removed and disposed of properly. 



CHLORIDE TEST— METHODOLOGY 

Chloride testing for copper alloys is identical to chloride testing for iron 
artifacts. The testing is not done for every artifact, only those large enough for a 
chloride measurement to be meaningful. A small sample of electrolyte is placed 
in a 50 ml beaker and a titrator strip inserted. After the solution has wicked to the 
top, the white line on the strip is read and the chloride concentration calculated 
from the chart included with the titration test. As in larger iron artifacts a weekly 
reading of chlorides should be plotted against time. This graph acts as a control 
over solution change and as an indication when the overall chloride concentration 
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Figure 28. Turn of the 20th century fishing boat brass carburetor with generalized corrosion and salt 
intrusion between the flanges. Photograph by Chris Valvano. 



has been lowered within acceptable limits, a leveling near 50 ppm with a solution 
change at 1000 ppm. Copper alloys, however, do not absorb nearly the amount of 
chlorides that iron artifacts will. For this reason the measurement of chloride ion 
concentration in the electrolyte will not show the dramatic changes that is does in 
iron, particularly cast iron. 

Smaller copper and copper alloy artifacts may not release enough chlorides 
for any meaningful measurement to take place. Pins, tacks, brads, and small items 
will take one to two weeks. Fastener sized artifacts like large nails will take three 
to four weeks. Larger artifacts like drift pins will take longer, up to six weeks. As 
with iron, the only real test of whether an artifact has received enough treatment 
is whether it begins to corrode in storage. Artifacts made from different attached 
sections may have to be taken apart so the rinse process can clean the chlorides 
from all of the cracks and crevices. 



FRESH WATER ARTIEACTS— METHODOLOGY 

Fresh water recovered artifact can be those dehned as recovered from fresh 
water lakes, rivers, or ponds. These artifacts are oftentimes in great condition 
and need no special treatment. They should be recovered and stored, as are all 
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metal artifacts recovered from archaeological sites, in a basic solution wrapped 
in aluminum foil. This is likely be all the treatment these artifacts will need until 
their sesquicarbonate wash. 



GALVANIC WRAP FOR DRY RECOVERED SMALL 
ARTIEACTS— METHODOLOGY 

Electrochemical cleaning with a galvanic wrap (see iron) begins for small 
artifacts after they have been recovered, wrapped in aluminum foil, and placed in 
sodium carbonate or sodium bicarbonate storage solution. Unlike simple storage, 
however, this segment of galvanic wrapping involves a change of electrolyte, and 
an active interaction with the conservator in concretion removal. 

As with storage, the galvanic wrap begins with the placing of a small dry 
recovered artifact into an aluminum foil pouch. The pouch should be two foil 
layers thick. It has been determined through experience that, although the galvanic 
wrap in sodium carbonate will work to conserve and reduce the copper or copper 
alloy artifacts, replacing the sodium carbonate with citric acid gives faster, clearer, 
results. Should neither of these electrolytes be available, vinegar (acetic acid) will 
also work. 

The electrolyte should be placed into the pouch with the artifact so it can 
carry the electrons given off by the aluminum to the artifact. Since the aluminum 
foil is acting as an anode it will corrode and leak, so it should be placed in a suitable 
container filled with the same electrolyte that is in the pouch. The foil should be 
compacted around the artifact to be in as close contact as possible, but care should 
be taken not to crush the artifact. 

After several days the foil pouch should be opened and the artifact observed. 
Most of the corrosion product should now be changed to copper or a brown copper 
oxide. The surface should be clean and clear. Any carbonate and attached adherent 
sand and dirt should be gone. If it is not, continue the wrap. There is no definite 
time period allocated to finishing the galvanic wrap. Generally the effects are 
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Figure 29. Early 18th century brass bells with iron clappers from Fort Neoheroka. The clapper in 
the bell on the right has corroded completely in its galvanic coupling with the brass. Photograph by 
Chris Valvano. 
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dramatically improved in only a few days. However, the treatment can be kept up 
indefinitely as there have never been any observable bad effects. 



SODIUM SESQUICARBONATE WASH— METHODOLOGY 

By this point the artifact will be clean, free of debris, and corrosion products. 
It may also be shiny and new looking, or copper colored and unnatural, depending 
on the alloy. It is up to the conservator to decide what the final appearance of the 
artifact will be. If the artifact is to remain shiny its should be sent to the rinse 
phase. However during the useful life of most cuprous artifacts, they carried a 
brown copper oxide patina, like an old penny. This patina can be restored during 
the sodium sesquicarbonate wash. 

This can be a vigorous wash for robust artifacts, or a delicate soak for those 
that may not be able to withstand the energy of an active wash. Sesquicarbonate 4%, 
is a mixture of 20 grams of sodium carbonate and 20 grams of sodium bicarbonate 
in 960 ml distilled water. The cleaned artifact should be completely submerged in 
this solution for several days. Boiling the solution for periods of two hours at a 
time will greatly speed the wash and free any harmful anions still residing in the 
artifact. A soak of two to three weeks with a lengthy boil each week will restore 
the copper oxide brown color to the treated artifacts. Delicate objects get the same 
treatment without the boiling. 



RINSE— METHODOLOGY 

This is the final rinse before dehydration. Artifacts at this point should be 
handled with rubber gloves or utensils to prevent salt contamination from fingertips. 
In this stage the artifacts are placed in distilled water and left to soak for several 
hours to remove the sesquicarbonate. 



DEHYDRATION— METHODOLOGY 

Oven dehydration, at times, tends to darken and discolor copper and its 
alloys, often leaving an iridescence on the surface of the artifact. Solvent drying, 
therefore, is the best approach to use with cuprous alloys. 

The same approach is used here as solvent drying for iron. The artifact is 
transferred to three successive baths of acetone or alcohol. Each bath should last 
at least one hour but overnight soaks are not a problem. It should be remembered 
here that solvents are extremely flammable. They should be covered at all times 
and never located near an ignition source. Solvents can be reused, with the final 
soak reserved for clean unused solvent. 
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PROTECTANT APPLICATION— METHODOLOGY 

Copper aloys can be micocrystalline wax coated, similar to iron artifacts. 
The wax is melted and the artifacts dipped in for about two hours past the time 
it stops effervescing. The burners should be turned to low and the wax is cooled 
somewhat before the artifact is removed to drip and cool. Excess wax is smoothed 
or cut off with a knife. 

Copper alloy artifacts can also be coated with Incralac, a shellac-like sub- 
stance containing benzotriazole (BTA). It should be noted that BTA bonds chemi- 
cally with the alloy and is non-reversible. According to the MSDS (Material Safety 
Data Sheets) BTA is a carcinogen and its use should be limited to ventilated areas, 
or outdoors. Conservators using Incralac should protect themselves with gloves 
and a respirator. 

CONCLUSION 

In many ways the durable nature of copper and its alloys lends itself to 
trouble-free conservation. Artifacts of copper and its alloys brass and bronze, are 
durable and long lasting. They will survive well in the archaeological record and if 
their corrosion product is reduced and plated once again as pure metal on the artifact 
they may well envisage the same detail they had when they were in active use. The 
artifacts detailed micro-excavation should easily provide details of manufacturing 
and wear that will not be as well preserved on other metals. Yet these details will 
only be revealed if the artifact is protected and conserved from the moment it is 
archaeologically located, until after it goes into final storage. 
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Chapter 5 



Miscellaneous Archaeological Metals 

Au, Ag, Pb, Pewter, Sn, A1 



MISCELLANEOUS METALS— THEORY 

Each of these metals, gold, silver, lead, pewter, tin, and aluminum, has its own 
history, morphology, chemistry, and physical traits. Among these, only pewter is 
an alloy and not a pure metal but as it is important historically and archaeologically, 
it deserves a place in this pantheon of pure elements. In an ideal situation, each of 
these materials deserves a chapter in its own right, but in the interest of keeping 
this manual organized and of a usable length, they will be gathered together in this 
chapter. 

In practical application, with the exception of lead, most of these metals will 
be rare finds in an archaeological site. After all, humans have gone to extraordinary 
lengths to find and recover gold and silver and though these noble metals degrade 
slowly and last well in the archaeological record, they are not easily left behind or 
abandoned. In contrast, tin corrodes back to its mineralized versions quite easily 
while aluminum enters the archaeological record so late (only late 19th and early 
20th centuries) that its greatest impact will be felt in the new field of aircraft 
archaeology. 

Yet since they are all metals they share common traits. All metals corrode and 
this group is no exception. We have seen from the previous chapters concerning 
iron and copper that corrosion in metals is the act of a metal oxidizing to a more 
stable state. This is usually an oxidized or sulfate dominated mineral version of 
a metal, close if not identical to the ore from which the metal was refined. We 
have also seen that galvanic corrosion between two dissimilar metals in electrical 
contact is the donation of electrons from the metal that has a lower corrosion 
potential to the metal that has a higher corrosion potential. Some in this group, 
like gold and silver, are considered noble metals and will generally be protected in 
any galvanic linkage with another metal. So each of these metals will be discussed 
individually, but not in the same detail given to the more common archaeological 
finds of iron and copper. 
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Gold (Au) 

Gold is a rare and stable heavy metal, known for its beautiful shine. Gold 
is soft, heavy, and ductile. It can be found in archaeological sites in ornaments, 
plating on ornaments, or in solid form in coins, and as bullion. Remarkably, it 
is relatively unaffected by burial or immersion in water and acquires very little 
oxidized surface patina so it tends not to tarnish. Like copper it can be found 
in nature in a relatively pure form. Gold is not poinsonous to living organisms, 
as are most heavy metals such as copper, lead, arsenic, cadmium and others, but 
since it does not corrode, little concretion can form on it. Gold generally remains 
unscathed in the archaeological record, though as mentioned, it is a rare find. 

Silver (Ag) 

Silver is another of the more noble metals. It is highly malleable and can 
be worked into ornaments or coins, bullion bars, or such decorative utilitarian 
items as candlestick holders, and flat ware. Silver is an oddity among the heavy 
metals with gold, in that it is non-toxic and its corrosion residue does not form an 
electrically passive surface layer in the earth or underwater. Silver is highly affected 
by penetrating anions and is rarely found in excellent condition underwater because 
of the amount of chloride anions that are available. 

Silver invariably contains a high copper content that may partially passivate 
silver concretions, making them more protective of the artifact within. Dry finds 
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Figure 32. Silver Plated Cigarette Lighter manufactured by R. Wallace and Sons Co. The engraving 
only came to light during conservation. Photograph by Chris Valvano. 
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from land excavations tend to be in good condition with adherent dirt but not much 
concretion. 

Aerobically produced silver concretions from sea sites (AgCl, cerargyrite — 
silver chloride), are usually dark gray or black, but can have some green color 
tinting due to copper corrosion products. Grey seabed anaerobic silver concretions 
(silver sulphide Ag2S argentine, acanthite, and silver chloride/bromide) are sur- 
prisingly lighter in color than the aerobically formed concretions (Pearson, 1987; 
92). The surface texture of these concretions is a rough gray matrix, but if the 
object were to be sectioned it would show multicolored layers. A typical layered 
coin might reveal an inner core of metallic silver surrounded by gray silver sulfide 
and on this a dark silver chloride layer. The chloride layer is the original surface 
of the coin and will contain all of the mint details. It is the surface that should 
be conserved rather than cleaning the artifact to the inner silver core. Over these 
layers is an outer rough concretion of gray silver sulfide formed when the coins 
lay buried in the sea bottom and were subject to anaerobic corrosion. 

Experience has shown that recovered silver should never be allowed to dry 
or the outer concretion will adhere strongly to the original surface layer. On decon- 
creting the artifact, the archaeological surface will be damaged or destroyed. 

Lead (Pb) 

Lead is an easily worked heavy metal with a very low melting point. Lead 
can be alloyed with a lower percentage of tin (up to 30%) to produce solder. It is 
also used in pure form to produce pipes and some ship fittings such as patches, 
calking, scupper liners and hawser pipes. Lead shot is used for bullets, gaming 
dice, and fishing net weights among other items. Lead sheathing was also used in 
ancient times to combat hull fouling in wooden ships. 

Lead is generally found in good condition on both land and underwater sites. 
Aerobic lead corrosion forms an electrically passive outer layer of lead sulfate 
(PbS 04 — Anglesite). Anaerobic lead does corrode faster than aerobic lead and the 
mineralized version is dominated by the sulfide ion (PbS — Galena). 
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Figure 33. Lead gaming piece part way into its galvanic wrap conservation. On completion the 
concretions will have completely disappeared. Photograph by Chris Valvano. 
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Pewter 

Pewter is historically an alloy of tin with varying amounts of antimony, cop- 
per, and lead. Some pre- 1 8th century pewter demonstrates a lead content up to 50%. 
It became a popular kitchenware after medieval times and could be formed into 
such utilitarian items as plates, mugs, and utensils. By the mid 18th century both 
the health and tarnishing drawbacks of leaded pewter helped popularize Britannia 
metal, a non-leaded form of pewter consisting of tin, antimony, and copper. 

Pewter has been found in good condition on both land sites and underwater, 
but its high tin content makes it a good candidate for selective galvanic corrosion 
in most underwater sites, similar to dezincified and destanihed copper alloys. Tin’s 
low corrosion potential (E corr) allows it to readily donate electrons to its alloying 
metals leaving tin ions free to migrate to a non-passive tin concretion. Logically 
then, tin with a high lead content will survive archaeological internment in the best 
condition with lead sulfite offering some electrical resistance to the concretion. 
Antimony and copper will also offer some corrosion resistance to pewter alloys 
but most pewter should be treated as though it were extremely delicate and brittle 
from selective galvanic corrosion. 

Pewter concretions will be mainly formed of stannous (tin) oxide. Concretion 
should be left in place to avoid damage to the brittle artifact. Electrolytic reduction 
will easily exfoliate the concretion layer but it is unclear if it will reduce tin back 
to its metallic state. 

Tin (Sn) 

Tin may survive dry site internment better than it can on the sea floor. Even 
large ingots corrode on the seabed over time leaving a rough concreted corrosion 
product in the general shape of the original artifact. This concretion of stannous 
oxide consists of a crumbly gray matix. Tin has a lower E corr than copper and 
often selectively corrodes from bronze and pewter. It does, however, have a higher 
E corr than iron. This makes tin an ideal coating for iron and steel in the canning 
industry. Tin cans in the 19th century are actually made of alloys of iron and later 
steel that are coated on both sides in tin. Since the tin is galvanically protected 
from corrosion by the electrons given off by the iron, it became a cost-effective 
protective coating for cans. The non corroding tin coating keeps the iron from 
leaching into the food and even protects the iron in the can from some of the acidic 
foods that are stored inside. 19th century tin cans (and metal buckets) are held 
together at the seam by solder, an alloy of lead and tin. 

Below is a table of common archaeolgically recovered metals in order of 
their corrosion potentials (E corr) high to low. When an object made of one of the 
metals listed below comes into contact with an object above it in the table it will 
donate electrons and corrode. When an artifact made of one of the metals listed 
below comes into contact with a metal below it in the table, it will receive electrons 
from the lower listed metal object and be reduced. 
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Galvanic Metals Table (Most Noble at top left) 



Gold 


Lead 


Silver 


Pewter (leaded 50%) 


Copper 


Wrought Iron 


Nickel 


Cast Iron 


Low Bronze 


Pig Iron 


High Bronze 


Steel 


Low Brass 


Aluminum 


High Brass 


Zinc 


Muntz Metal 


Magnesium Alloys 


Tin 


Magnesium 



Aluminum (Al) 

Aluminum was not commercially produced until 1886 and does not, there- 
fore, significantly impact archaeological analysis and should not generally be found 
on early archaeological sites. Aluminum conservation will, nonetheless, become a 
popular topic in the fledgling field of aviation archaeology. The metal’s lightweight 
made it ideal for the construction of airplanes and airships. 

Aluminum alloys usually contain a small amount of copper that will act 
as a cathodic surface to the dissolution of some of the surrounding aluminum 
(Pearson, 1987; 247). But aluminum oxide is generally electrically passive, giving 
it good corrosion resistance on land or in fresh water. Aluminum recovered from 
saltwater sites, however, can have a great deal of corrosion and exhibits some 
chloride ion infiltration, though not to the extent of other metals (Pearson, 1987; 
247). Aluminum rarely is concreted although some aluminum magnesium alloys 
are hard enough to exhibit standard calcium carbonate concretions. Apparently the 
aluminum oxides are easily dislodged from standard aluminum in a high energy 
environment. Corrosion accelerates if the passive oxides cannot protect the metal 
benieth. In addition, the newly exposed surface makes life difficult for fouling 
organisms that attempt to fasten themselves to the artifact and no concretion forms 
to protect the aluminum. These factors lead to extensive aluminum corrosion in 
high-energy environments. Rinsed aluminum/magnesium alloy can loose up to 6% 
of its weight in contaminants, chlorides, and pitting residue. Pitting is generally 
extensive in aluminum/magnesium alloys and there is no evidence that that these 
alloys reduce back to a metallic form in electrolysis. 



RECOVERY AND STORAGE— METHODOLOGY 

As with all of the other metals discussed thus far, gold, silver, lead, tin, 
and pewter, will all benefit from the standard recovery techniques advocated in 
this manual. Immediately on recovery an artifact should be wrapped in aluminum 
foil and submerged in a container of 2% to 5% sodium carbonate or sodium 
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bicarbonate (baking soda). As with other recovered metals the solution should 
be allowed to enter the foil wrapping. The foil will begin the reduction process 
while the artifacts are in transit or storage. For some artifacts recovered from fresh 
water sites this may be the only treatment necessary to insure their continued 
stabilization. Obviously from the previous discussions, aluminum artifacts need 
not be wrapped in aluminum foil, as aluminum foil will not galvanically couple 
with an aluminum artifact. 

It is especially imperative that silver concretions not be allowed to dry as the 
archaeological surface may adhere to the concretion and be lost in conservation. 
As with copper and iron, no dissimilar metal objects should be allowed to touch in 
storage (see galvanic chart), though this is somewhat mitigated by the protection 
afforded hy the aluminum foil wrap. 

Artifacts recovered from saltwater environments, or that contain corrosion 
products and or concretions, should undergo electrolytic reduction. Objects recov- 
ered from fresh water can often bypass electrolysis and go directly to the sodium 
bicarbonate wash. Artifacts recovered from a dry site and fresh water will benefit 
from a galvanic wrap treatment. 



ELECTROLYSIS— METHODOLOGY 

Electrolytic reduction as described for iron will work well for most of these 
miscellaneous metals provided, of course, there is a core of sound metal to make the 
electrolytic connection. This is a large presumption, and the process will actually 
become destructive if there is no sound metal within the artifact. Electrolytic action 
will remove the concretion surrounding an artifact. This process can be destructive 
if the archaeological surface needs to be saved but is not metallic, as is often the 
case with silver coins and ornaments. Therefore, included below are hints for each 
of these metals undergoing electrolysis. 

Gold 



Does not usually need electrolysis, a galvanic wrap is much simpler and 
would reduce the artifact as needed. 

Silver 

Electrolysis works well on most silver artifacts, the one exception being the 
reduction of coins to their metallic cores. The archaeological surface of many coins 
may he a dark gray or black silver chloride layer inside the concretion that will be 
lost in a full electrolysis of the core. This procedure will exfoliate the outer layers 
including the silver chloride layer that contains the surface of the coin including 
the mint mark and date. Though there are techniques that can he used to gently 
clean the coins to their archaeological surface (unless the concretion has dried) 
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these techniques should not normally be attempted at a basic laboratory. In the 
case of layered coins a consultant should be called. 

Otherwise, electrolytic reduction of silver can be accomplished in the manner 
described for iron and copper, and will also be described at the end of this section. 

Lead 



There are no problems associated with reducing lead, electrolysis works well 
on this metal and will remove a majority of the corrosion products and concretion. 
Mild steel anodes are used so as not to contaminate the electrolyte with poisonous 
lead ions. 

Pewter 

Most pewters can also be reduced through electrolysis. Set up is the same as 
it is with iron and copper using tin or mild steel anodes. 

Tin 



Tin recovered from a dry site may be in good enough shape to attempt 
electroysis. Tin recovered from an underwater site may be too extensively corroded 
to be able to ground the core of the artifact. In this case the artifact can literally 
break up or become a sludge on the bottom of the electrolytic tank. If there is a 
question concerning the metal’s soundness a consultant should be called. 

Aluminum 

Aluminum electrolytic rinse is problematic for heavily chloride anion con- 
taminated objects. It works well for dry recovered artifacts. Electrolysis on seabed 
recovered artifacts exposes vast amounts of pitting corrosion. This corrosion has 
taken place on the artifact and remains hidden until electrolysis. At this point 
heavily chloride contaminated aluminum should not undergo electrolysis. To date, 
chemical rinses such as the various alkaline washes offer a better alternative than 
electrolysis for aluminum. 

The electrolytic reduction for these metals is carried out using low amperage 
reduction described for iron. Mild steel anodes can be used for each of these 
metals, though the reader is reminded that magnetite will plate out on the artifacts 
and they may have to be scrubbed free of this black residue with baking soda 
paste and a nylon brush. This black residue is particularly unnatural on aluminum 
and silver. The conservator, therefore, may wish to expend some effort locating 
anodes of the same material as the artifact — disposal of heavy metal electrolytes 
should involve allowing the water to evaporate and dealing with the residue in a 
responsible manner. It should also be noted again that most electrolytic set ups 
fail because the connections do not allow a continuous circuit. A rule of thumb 
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is that no connections should he made until and unless hare shiny metal on the 
artifact and anodes are in contact with the alligator clip connectors. An electrician’s 
multi-meter set to test resistance should he used to test all electrical pathways and 
connections before the electrolyte is added and the current applied to the artifact. 

Sodium carbonate is a good non-toxic electrolyte that can be used for all of 
these various metals. Solution percentages of .25% to .5% will control the current 
amperage of the DC power source to 7 amps or less. 



CHLORIDE TEST— METHODOLOGY 

Chloride testing of the electrolytic solution of smaller artifacts that are man- 
ufactured from the listed miscellaneous metals can be confusing and is not rec- 
ommended for all artifacts. Often these metals, due to their small size and lack 
of porosity, will not contain enough chlorides, even if they are heavily contami- 
nated, to raise the chloride ion percentage in the electrolyte solution to meaningful 
or measurable levels (see iron chloride measurement discussion). General time 
frames based on artifact size are actually more useful than attempting a graph of 
chloride ion concentration versus time for every artifact. Small artifacts of pin, 
or buckle size receive one to two weeks of electrolysis. Larger artifacts, of spike 
or plate size, should undergo reduction for about a month. Renewed corrosion in 
storage (very rare) is the best indicator that the artifact has not been thoroughly 
rinsed. 



ERESH WATER RECOVERED METALLIC 
ARTIEACTS— METHODOLOGY 

Fresh water recovered artifacts of these assorted metals will invariably be 
in remarkable condition. Experience has demonstrated that these artifacts will 
seldom show much corrosion and will almost never have any concretion. If there 
is concretion or an oxidized patina they should be galvanically wrapped. If these 
artifacts show no patina or oxidation they should be sent to the sodium bicarbonate 
wash phase. 



GALVANIC WRAP— METHODOLOGY 

Small artifacts, of fastener or shoe buckle size, can be galvanically wrapped. 
This is essentially no diffenent than their recovery treatment. They will be mechani- 
cally cleaned and placed in an aluminum foil pouch that contains sodium carbonate 
electrolyte in the 2% to 5% range. Gold and silver may actually become clean and 
shiny faster from a citric acid electrolyte rather than sodium carbonate, but both 
perform well. The foil pouch should be wrapped as tightly about the artifact as is 




MISCELLANEOUS METALS 



133 



possible without doing harm to the artifact. Next the artifact is placed into a heaker 
of the same electrolyte as that in the pouch — within days the aluminum foil will 
corrode as it reduces the artifact in the pouch and begins to leak. 

The wrap should be opened and examined every three days or so. After three 
days the artifact should show signs of reduction, its surface patina should begin 
to look like the elemental metal rather than a dull oxidized form. Adherent dirt 
and sand will have fallen away and any small concretion should dissolve. It should 
be remembered here that many artifacts such as silver bells are manufactured 
as a composite. The bells may have iron clappers and the clappers will have 
corroded galvanically to protect the silver. A galvanic wrap will protect and reduce 
both metals, though it is possible the iron has completely oxidized and cannot he 
saved. 



SODIUM BICARBONATE WASH— METHODOLOGY 

As with iron and copper alloys the miscellaneous metal artifact should 
undergo a thorough rinse and scrub using soft nylon bristle toothbrushes and a 
paste of water and sodium hicarhonate. If the artifact is in robust condition it may 
be boiled in sodium carbonate, sodium bicarbonate, or sodium sesquicarbonate for 
up to several hours. This should clean and release any anions that were not rinsed 
in the galvanic wrap, since it is a rather passive reduction and rinse process. 



EINAL RINSE— METHODOLOGY 

The hnal rinse should remove all of the residue of the sodium bicarbonate 
wash. It is accomplished with a thorough soak in distilled water. Agitation will 
speed the rinse considerably, but a static rinse should take several hours with one 
change of rinse water. 



DEHYDRATION— METHODOLOGY 

Solvent dehydration is recommended for all of these miscellaneous metals 
except tin and aluminum that can withstand oven dehydration. Composite artifacts 
or those with plating, guilding, or any other coating should also be solvent dried. 
Artifacts should be taken directly from the rinse and placed in three successive 
baths of alcohol or acetone (see copper dehydration). Each hath should last one 
hour. Used solvent will suffice for the first two haths hut the final hath should he 
fresh solvent. As always the solvents are highly flammable and should be covered 
at all times and never used near an ignition source. All manipulation of artifacts 
after the wash phase should be done with gloves or utensils as salt on the hngertips 
will damage artifacts over time. 
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Oven drying in a 325 degree F (163 degrees C) oven for two days does not 
injure aluminum or tin. It should be remembered, however, that some artifacts such 
as tin cans are actually composite artifacts and should be solvent dried. 

Artifacts should not be removed from their dehydration treatments until the 
conservator is ready to apply a protectant, or unless a desiccator is available. A 
desiccator is simply an airtight container partially filled with dessicant (a salt that 
absorbs atmospheric humidity). 



PROTECTANT APPLICATION— METHODOLOGY 

At times it may not be deemed necessary or appropriate to apply a protectant 
to an artifact. Gold will seldom need protection from humidity and silver protectant 
application depends on it use after conservation. In these cases, the artifacts should 
be stored in dessicant chambers or in a storeroom with very low relative humidity 
(preferably 40% or less). 

If on the other hand, artifacts are to be handled or displayed or will be subject 
to uncontrolled environments, they may need a surface coating to protect them from 
moisture absorption. Artifacts that underwent solvent dehydration (gold, silver, 
lead, pewter) can be coated with shellac. Shellac is a hard impermeable coating 
that can be applied to artifacts that are heat sensitive. Shellac can be removed if 
necessary with alcohol and its’ surface luster is easily changed from glossy to dull 
with a buffing of steel wool. 

Aluminum and tin can be microcrystalline wax coated using the same meth- 
ods prescribed for copper (page 119) and iron (page 95-96). The micro- wax will 
dehydrate and seal the artifact against further humidity. The objects are placed 
into the melted wax and allowed to stay two hours beyond their last effervescence. 
The wax is then turned to low and cooled slightly before the artifacts are removed 
to drip dry and cool. After cooling, excess wax can be removed with a knife or 
smoothed with a fingertip. 



CONCLUSION 

The metals discussed in this chapter will make up only a small portion of the 
artifacts recovered on any archaeological site, hence their proportionately smaller 
representation in this manual. Nonetheless, the intrinsic value of these objects may 
outweigh their numerical representation in the archeological record. Silver, gold, 
and pewter represent both ornamental and utilitarian objects, bringing perhaps a 
better balance to site interpretation than is possible with purely utilitarian objects 
of iron and copper. It is up to the conservator then, to make sure that these objects 
remain stable from recovery to storage, in order that they can be reinterpreted at 
any time. 
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Fortunately, most noble metals behave in a predictable manner and are some 
of the most stable elements found in nature. These will require only very basic 
treatment. Others, like pewter, are alloys of both stable and unstable metals, mak- 
ing their durability and integrity less predictable. Nonetheless, their value to the 
archaeological interpretation of a site is almost always enhanced with the detail 
brought about by the conservation process. 
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Chapter 6 



Archaeological Ceramic, Glass, and Stone 



CERAMIC, GLASS, AND STONE (LITHICS)— THEORY 

Ceramic, glass, and stone are related for many reasons. First, they represent fab- 
ricated artifacts that are among the most durable produced by man. Their robust 
nature is often reflected in the fact that they represent a large portion of the remain- 
ing material culture found on archaeological sites. Storage ware, bricks, flatware, 
hollow ware, and bottles litter historic sites, while ceramic and knapped lithics 
(stone), projectile points, bi-face blades, and percussion flakes are some of the 
more diagnostic and long lasting artifacts found at prehistoric sites. Though arti- 
facts fabricated of these materials may be broken, the material from which they 
were constructed is seemingly indestructible. The fact remains with most of these 
materials that entry into the archaeological record, through breakage, disaster, or 
loss, remains the most destructive event visited upon them. 

Many ceramic, glass and stone, artifacts are also related by their fabrication 
and mineral content. Plenderleith and Werner consolidate them into the category 
of “Siliceous and Related Materials,” for their silicate content ( Plenderleith, 1971; 
299-343). Most of the earth’s crust is made of various silicates like silica (sand), 
clay, talc, feldspar, or other silicates in one form or another. Silicates remain 
strongly related even if their mineral content is not identical. Most of these mate- 
rials, with the exception of sedimentary rock, were formed either naturally or by 
man, through application of great heat. This gives them certain characteristics in 
common and though they may not be formed of similar elements, they may be 
treated in conservation in a similar manner. 

The durability of ceramics, glass, and stone, should make conservation of 
these materials a seemingly simple matter. However, the reality is that while 
ceramic, glass and lithics do offer the conservator some flexibility and for the 
most part are forgiving of rough handling, storage, and treatment, they are not a 
monolithic category any more than is glass or stone. Some of these materials are 
durable while others, depending on mineral content, manufacuring technique and 
fabrication temperature, can be quite fragile. In any case, recovery and removal 
from their stable earth bound or sea floor environment will begin a decomposition 
processes that must be mitigated. 

It is important in this instance that the archaeologist/conservator be able to 
recognize the material they are working with. High fired stoneware and porcelain 
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should be distinguished from terra cotta and earthenware. In the same way, lime- 
stone and marble should be distinguished from granite or basalt. It is beyond the 
scope of this work to relate ceramic, glass, and geologic taxonomy but its impor- 
tance once again underscores the close relationship between archaeologist and the 
conservator. These professionals should be trained or make themselves cognizant 
of material taxonomy and typology as it forms the basis for all conservation work. 

The overall durability of this class of material is reflected in the fact that 
there are far fewer research sources than there are for other materials, reflecting 
the squeaking wheel nature of unstable artifacts versus stable material, as well 
as today’s economic engineering concerns over metals. But it also reflects the fact 
that although there are books and studies devoted to ceramics and glass, they cater 
mainly to collectors and art admirers. These sources are mainly concerned with 
the appearance and artistic presentation of an artifact, not necessarily with in depth 
material analysis or fabrication technique. This is where archaeology/conservation 
crosses into the fields of engineering and industrial technology. Geological studies 
abound concerning lithic taxonomy and mineral and rock formation, yet few if any 
are devoted to the study of how human interaction affects stone. The following 
brief summaries of the knowledge collected in the general works is designed to 
give the reader a basis and understanding of the conservation techniques chosen 
for ceramics, glass, and stone. 



CERAMICS— THEORY 

Pottery shards can normally be found in quantity in human occupation sites 
both historic and prehistoric, while underwater sites also abound with ceramic. 
Ships often carried large quantities of storage ware and kitchenware for trade. 
Ceramic and pottery first used around 10,000 before present, ushered in the neo- 
lithic age. Ceramics offer humans a means of storing collecting and transporting 
agricultural and mineralogical commodities that had not previously existed. 
Pottery’s resistance to liquid and heat changed human cooking habits and went 
hand in hand with the development of agriculture and stored fermented beverages. 

Pottery remains fairly basic throughout time. In its simplest terms it consists 
of shaping a vessel out of clay and baking it until it becomes a hard mass that 
is fairly impervious to re-hydration. Clay consists of weathered silicates in the 
4 micron size range that generally take the color of whatever mineralized metal 
that lies in the soil. Iron oxides for example will create a red colored clay, while 
aluminum salts make for a white kaolin clay. 

Early potters discovered that pure clay invariably cracks when it is fired. 
Pottery, therefore, needed an added temper to eliminate cracking. Virtually any 
substance can become a temper and archaeologically tempers can consist of sand, 
crushed shell, grass, manure, or ash. The temper can become a good identifying 
element of any ceramic. 
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Prehistoric pottery was invariably made by hand with the building of a three- 
dimensional shape. In vessels this may include various techniques of pinching and 
solid forming. Later more sophisticated techniques included the coil, slab or paddle 
methods. Each method is accomplished just as its name implies with the vessel built 
up of coiled rolled clay or of slabs pinched together at the seams. Molding clay in 
plaster molds and turning vessels on wheels are considered historic developments 
and require equipment beyond the human hand. 

By historic times ceramics could be distinguished by the types of clays 
used, their mineral content, their glaze, the decorative pattern used, and their firing 
temperature. Broadly speaking ceramics can be divided into two groups, low- 
fired ware and high fired ware. This distinction is important in determining which 
conservation process should be used on a particular ceramic piece. 

Low fired ware includes terra cotta fired at less than 1000 degrees centigrade 
and earthenware fired between 900 and 1200 degrees centigrade. Terra cotta can be 
very delicate and includes most prehistoric pottery. Historic earthenware is more 
robust having been fired at a higher temperature. Earthenware is red, yellow or 
buff colored depending on the mineral content. Though fired at higher temperature 
than terra cotta the pottery is not waterproof and must be coated in a glaze or slip to 
make it impermeable. But even so, a conservator should be aware that earthenware 
pottery can suffer from salt infiltration problems. 

Archaeological ceramics are generally not found intact, this allows the infil- 
tration of aqueous borne contaminants, such as salts, into the body of the pottery 
piece or shard. Stains and salt infiltration can occur on dry land sites as well as 
underwater. Dissolved salts can infiltrate ceramic bodies and crystallize when the 
ceramic piece dries. Since crystals expand they may force glaze off the ceramic or 
even flake pieces of the body. Stains are indicators of metallic salt intrusion, iron is 
typically orange and copper alloys are blue or green. Left in place the acids these 
stains represent will break down the body of a ceramic. Black sulfide organic stains 
can also penetrate the body of a piece of ceramic and will begin decomposition of 
the piece. 

Earthenware recovered from the sea floor can be covered in calcarious 
deposits left by fouling organisms. Parrot fish and stone borers will also dam- 
age the surface of exposed ceramics. Parrot fish, in particular, seem to delight in 
leaving scrape marks in a tell tale tic-tac-toe cross hatching as they graze with their 
sharp teeth on the algae growing on the outer surface of the pottery. 

The following is a reference list for the archaeologist/conservator of pottery 
considered low fired and the approximate temperatures in degrees C. at which they 
were produced. 

High-fired ware includes stoneware fired between 1200 and 1300 degrees 
C. and china or hard paste porcelain fired between 1250 and 1450 degrees C. 
High-fired ware forms a hard impenetrable body that sinters or melts to produce 
a material impervious to water and salt contamination and, therefore, is a much 
easier material to conserve than low fired ware. True hard pasfe porcelain was nof 
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Low-Fired Wares 



Terra Cotta 




Mud Brick 


Sun Dried 


Terra Cotta (under-fired) 


400-650 


Terra Cotta 


<1000 


Earthenware 




China Glazed Creamware 


1050 


Creamware (Queensware) 


1050 


Delft (Dutch Imitation Porcelain) 


1050 


Faience (French Imitation Porcelain) 


1050 


Industrial Slipware 


NA 


Iron Stone 


1200 


Jackware 


1150 


Marble Slipware 


NA 


Agate Ware 


NA 


Mojolica (Italian imitation Porcelain) 


1050 


Pearl White or China Glaze (known as Pearlware) 


1150 


Potuguese Faience (Portuguese Imitation Porcelain) 


1050 


Red Bodied Earthenware 


900 


Slipware 


1050 


Sgraffito 


NA 


Spode 


NA 


Tumerware 


NA 


White Granite 


NA 


Whiteware 


1200 


Whitestoneware 


NA 



produced in Europe until Freidrich Bottgers of Meissen Germany first produced it 
in the early 18th century (Hunter, 2003; 137). 

High-Fired Wares 



Stoneware 



Salt Glaze Stoneware 


1250 


Gray Bodied Stoneware 


1250 


Jasper 


NA 


Rosso Antico 


1250 


White Salt Glaze Stoneware 


1250 


)rcelain 


Chinese Hard Paste 


1250-1450 


European Hard Paste 


1250-1450 



(Pearson, 1987: 100; Hunter, 2003) 



High fired ceramics can have surface stains and are subject to calcarious 
concretion build up in an oceanic environment. But the stains and concretion will 
not penetrate the body of the ceramic as is likely with low-fired wares. Though 
some stoneware is described as having salt or white salt glaze, it is not a true glaze. 
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0 cm 5 

Figure 36. Left to right; Hard paste porcelain, salt glaze stoneware, and pearl white earthenware. 
Though somewhat similar in appearance, the impermeable porcelain and stoneware are stabilized 
differently than the lower firing temperature, earthenware. Photograph by Chris Valvano. 



Salt glazing is a process whereby salt that is added to the kiln fire and evaporates 
in the high temperatures, to condense on the relatively cooler pottery. Salt glazing 
gives stoneware coloration and an orange peel texture. Salt glaze will not show up 
as a distinct layer on the stoneware as would a glaze. Surface cleaning and rinsing, 
are virtually all that high-fired wares need for stabilization. 

True porcelain is the only pottery that is translucent. As with stoneware 
there will be no distinct glazing and no layering in cross section. First developed 
in China, porcelain was heavily sought after in Europe as a trade commodity. 
Europeans admired the fact that this pottery was translucent, thin walled and 
extremely durable, but they had no idea how it was made. An entire industry of 
imitation porcelain sprang up in Europe from the 15th century onward as Europeans 
produced soft paste earthenware such as Mojolica, Eaience, and Delft well into the 
18th century. During the 18th century Europeans finally deduced that true porce- 
lain could be produced using kaolin clay (white aluminum salts) plus petuntse or 
Growan stone baked at higher than normal kiln temperatures (Hunter, 2003: 136). 



GLASS— THEORY 

Glass occurs in nature in the form of volcanic obsidian and melted silica sand 
from lightning strikes known as fulgerites. It was first produced artihcially around 
3000 BC as glaze for pottery. The first all glass vessels were produced much later 
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about 1500 BC. and traded in ingots throughout the Mediterranean during the later 
Bronze Age. Early glass was often blue in color due to metallic copper salts in the 
glass mixture. Ancient Roman glassmakers propelled the art of glass making to 
new heights with development of the blowpipe shortly before the birth of Christ 
and window glass shortly after. The high art of the Roman glass blower was not 
again achieved in the West until the 19th century. 

Unlike pottery, glass has to be worked at high temperature. Traditionally 
molten glass (the consistency of a stiff liquid) is produced in a vat in a hearth furnace 
and gathered on the end of a blowpipe or pontil. Blowing into the pontil creates a 
bubble in the gathered glass that can be shaped and worked into hollowware such 
as bottles and vases. Each time the glass worker cuts or shapes the glass it has to 
be inserted into the furnace and reheated. Additional gathers can add detail and 
ornamentation to the glass. Glass workers are true artisans that acquire more skill 
with each object produced. 

Archaeologically, glass is a rare find in the New World until the 17th century. 
Bottles and other vessels were produced in both southern and northern Europe for 
a few centuries before this. Glass blowers could mass-produce bottles by blowing 
glass into heat resistant molds and then applying more glass to the neck after it 
was removed from the pontil. Plate glass does not come into general use until 
the end of the 17th century and even then it is expensive and fairly rare on most 
archaeological sites. 

The main ingredient of artificially produced glass is silica (sand) heated to 
produce a vitreous mass. Melted silica’s random molecular structure allows it to 
behave in many ways like a semi-permeable super cooled liquid, with a melting 
point of about 1700 degrees C. Yet glass artifacts are not produced at anywhere near 
this temperature. The melting point of silica can be reduced with the addition of 
a glass modifier that will reduce the temperatures needed to melt silica to around 
600 or 700 degrees C. They include the alkaline oxides of sodium (Na) from 
soda ash and potassium (K) from potash. Other ingredients added to historic glass 
include calcium (Ca) from limestone or magnesium (Mg) to promote stability in 
the glass structure. Einally a metallic oxide is added as a colorant. Copper oxides 
produce blue and green glass, iron produces dark green. Many of the metallic oxides 
produce color variants that seem rather unpredictable, as color is dependent on an 
ion’s oxidation or reduction state. Some colors produced by these ions seem to 
cancel other colors, hence the creation of opaque and clear glass. Since most sand 
is naturally contaminated with iron oxides much historic glass was produced of 
the dark green variety (Pearson, 1987: 101; Cronyn, 1990: 128, 129). 

Historic glass seems to come in two varieties, potash-lime-silica and soda- 
lime-silica. Until the 17th century nearly all the glass produced was of the potash- 
lime-silica variety. The potash was produced from bone ash. In this older glass flint 
was often used for the glass former instead of silica and the glass often contained 
a high lead content. Leaded crystal is of this variety of glass (Plenderleith, 1971: 
343). The addition of lead to produce clear glass seems a natural outcome of using 
lead over glazing in pottery. 
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By the 19th century most of the glass produced was of the soda-lime-silica 
variety. The proportions of this glass varied from glass works to glass works, but 
ranges in the written sources from 60% to 73% silica, 15% to 5% lime, and 25% 
to 22% soda (Plenderleith, 1971; 344; Singley, 1988, 22). 

Most conservators accept that glass deterioration, though not fully under- 
stood, is accelerated by the hydrolysis of glass modihers and stabilizers. Glass 
structure consists of three-dimensional negatively charged poly-silicate ions. The 
silicate charge in the structure is offset by the positively charged modihers (K+ 
and Na+) and stabilizers (Ca+ and Mg+). Should the positive ions Ca+ or Mg+ 
leach out of the structure, or not be present is sufficient quantity to begin with 
(as in badly made glass), the K+ and or Na+ will also begin to leach out. In 
the atmosphere these leaching ions hrst combine with water and become hydrox- 
ides. After drying they combine with carbon dioxide from the atmosphere to form 
sodium and potassium carbonates. As more moisture gathers on the glass the free 
positively charged hydrogen ions from the water migrate into the glass structure 
and take the place of the migrating modifiers and stabilizers thereby hydrating the 
glass. The potassium or sodium carbonates continue to absorb more moisture from 
the air and the process continues. This is called “glass disease” or “weeping or 




Figure 37. Devitrifying glass bottle bottom. Photograph by Chriss Valvano. 
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sweating glass (Plenderleith, 1971: 344, 345).” Eventually the glass will take on a 
multihued iridescence and later begin to flake and devitrify. 

Underwater the process is accelerated by the presence of large quantities of 
free hydrogen ions that will take the place of the migrating modifiers and stabilizers. 
Additional hydrogen ions produced by corroding metals or pollutants will further 
exacerbate glass hydration. When glass begins to devitrify it becomes susceptible 
to salt infiltration. Sodium chloride and water will penetrate the newly forming 
layers in the glass. If it is recovered and allowed to dry the salt will crystallize and 
rapidly exfoliate the outer layers. 



STONE (LITHICS)— THEORY 

The connotation of ancient people wearing animal skins and carrying stone 
tools is inescapable in archaeology, we somehow picture them in our imaginations 
as primitive, perhaps slow witted. The fact that we have survived as a species 
belies that fantasy. Nature honed the minds of our ever more clever and resourceful 
ancestors . Human use of lithic technology served us well for hundreds of thousands 
of years permitting humans to survive and prosper. Stone usage was sophisticated, 
each type of stone had a use, fully suited to its physical properties. Knapped 
projectile points are just one example of the art, beauty, and craftsmanship that 
went into early stone technology. When metals were discovered stone technology 
gradually shifts to architecture, building materials, concrete, roads, aqueducts, and 
a source of raw mineral resources for other industrial processes. 

Geologists divide rock into three logical categories. These categories are 
extremely useful in archaeological conservation, for in a general sense they 
describe much concerning the physical qualities of the stone. Igneous rock includes 
those formed from volcanism both within and on the earth. Sedimentary rocks are 
layered, formed through gradual deposition of minerals in oceanic or fluvial envi- 
ronments. Metamorphic rock begins as igneous or sedimentary but is changed 
through heat and pressure in the earth. 



Igneous Rock Examples 



Granite 


Impervious 


Basalt 


Impervious 


Obsidian 


Impervious 


Gabbro 


Impervious 


Pumice 


Porous 



Archaeologically retrieved stone artifacts all fit into these categories and 
can range from projectile points and food preparation tools, to building materials 
and ballast stone. Conservation of these materials depends on their mineral com- 
position, how they were formed, their porosity, hardness, strength, and thermal 
properties (Pearson, 1987: 103). Yet it can be seen, with some exceptions, that 
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Sedimentary Rock Examples 



Breccia 


Porous 


Bituminous Coal 


Porous 


Flint 


Porous 


Limestone 


Porous 


Sandstone 


Porous 


Shale 


Porous 



Metamorphic Rock Examples 



Anthracite Coal 

Dolomite 

Gneiss 

Quartzite 

Slate 

Marble 



Hard, not impervious 
Hard, can be damaged in acid 
Hard, not impervious 
Hard, not impervious 
Hard, not impervious 
Hard, can be damaged in acid 



igneous rock is similar in hardness and imperviousness to infiltration of salt and 
water to high-fired ware. Metamorphic rock is analogous to earthenware, while 
sedimentary rock has similar properties to low-fired ceramic wares. 

As a general rule, though lithics are usually considered fairly stable materials, 
they degrade in the same manner as ceramic and glass. They can suffer from 
biological attack underground and underwater, they can be physically eroded by 
water and wind, and chemically if they are porous they can be infiltrated by salt, 
metallic salts, and sulfides. Rock, therefore, will be stabilized in similar fashion 
to ceramics and glass. And like ceramic and glass, the conservator/archaeologist’s 
first and most important task is simply to identify the lithic type and theoretical 
decomposition from its description and properties. 



RECOVERY AND STORAGE— METHODOLOGY 

Dry recovered ceramics, glass, and stone should be safe for removal with 
cleaning and a rinse. It should be remembered, however, that porous artifacts have 
absorbed salts from the earth that may crystallize to the detriment of the artifact. 
A rinse on removal should obviate the surface salts and make the artifact safe for 
dry storage until the desalination rinse. 

Siliceous materials recovered from underwater sites offer a greater chal- 
lenge to the archaeologist/conservator. Like all materials recovered from the sea 
floor ceramics, glass, and lithics need to be kept wet. These materials are sub- 
ject to calcarious concretion formation. If allowed to dry, these concretions will 
absorb carbon out of the atmosphere and harden, making it difficult to remove the 
concretion without damaging the artifact. 
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Additionally, all of the porous artifacts are subject to salt saturation and infil- 
tration. On dehydration the salt can crystallize damaging the body and exfoliating 
any loose glaze or devitrified glass. 

Salt saturation can also result in osmotic pressure differentials should the 
artifact immediately be immersed in fresh water. In order to lessen the risk that 
osmotic pressure differentials will exfoliate the outer layers of some ceramic, stone, 
and devitrified glass, it is recommended that the initial storage solution be 50% 
fresh water mixed with 50% salt water. After one week the solution can again be 
cut with a 50% fresh water infusion. After one more 50% fresh water change the 
salinity should be no more than 4.5 parts per thousand and the artifacts should be 
safe to store in 100% fresh water. 

Material recovered from fresh water environments can remain stored in fresh 
water without worry concerning salt intrusion and osmotic pressure differentials. 
Some glass and stone, however, is adversely affected by acids and care should 
be taken that these materials are not stored for any length of time near corroding 
metal. 



CONCRETION REMOVAL IMPERMEABLE 
ARTIEACTS— METHODOLOGY 

Dry recovered artifacts will only be concreted if they were interred near 
iron artifacts and absorbed into the iron concretion. In this case the iron artifact 
should be treated first and the siliceous object removed from the concretion in the 
course of treatment. After removal, however, the ceramic, glass, or lithic can and 
should be examined and differentiated on the basis of its porosity. If it is a robust, 
non-porous artifact in the high fired, stable category it should follow the same 
treatment as that outlined below. If it is a porous, low fired, or devitrifying artifact 
it should be placed in the treatment outlined for concretion Removal — Porous 
Artifacts. 

Acids can safely be used to remove concretion from high fired wares, most 
igneous, some metamorphic rock, and glass, provided it shows no signs of devit- 
rification and is not left in the acid for extended periods (more than a week). 
Solutions of virtually any acid will remove the calcium carbonate concretions 
though the minimal intervention laboratory will be well supplied with citric acid. 
Soaks of 10% acid are effective in removing these concretions and can be mixed 
in the ratio of 10 grams of citric powder, to 90 ml of distilled water. 

Long soaks in 10% sodium hexametaphosphate (Calgon) will also soften 
and help remove the concretion. However, if the concretion has been allowed to 
dry or is heavily contaminated with iron (cementite) the acid and Calgon soak will 
be only partially effective. Should this be the case only imaginative mechanical 
cleaning methods will prove productive. Dental tools and sharp scalpels will need 
to be employed in a vigorous manner. These robust artifacts should be up to the 
challenge without breakage. 
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CONCRETION REMOVAL POROUS 
ARTIEACTS— METHODOLOGY 

Concretion removal for low-fired ceramics, devitrifying glass, some meta- 
morphic rock, and sedimentary rock is a considerably more complex task than it 
was for the impervious materials in the previous section. In many cases with these 
more porous artifacts the concretion has penetrated under the glaze and into the 
body of the object. 

A general acid soak is not recommended for porous siliceous materials. 
An acid soak will soften these materials and gas generation from carhon dioxide 
gas released from the dissolving calcium carbonate can damage delicate outer 
layers or loosen glazes from earthenware. In addition, the acid may dissolve iron 
from the glaze or body of a ceramic complicating or making impossible accurate 
radiographic spectral analysis (used to determine mineral content and thereby area 
of origin). 

Fortunately lengthy soaks in sodium hexametaphosphate (Calgon) have 
proven gentle and effective in removing concretions from these more delicate 
objects. Experience has demonstrated that chelating agents like sodium hexam- 
etaphosphate will soften low-fired wares, so great care must be taken to support 
the artifact until it is dehydrated. Mechanical cleaning will be necessary with the 
Calgon soak to remove concretion, the Calgon will simply make it softer. 

Stubborn concretions may require acid poultices produced by mixing acid 
and talcum powder together. This paste should be placed on the concretion rather 
than the artifact so as not to cause any general harm. Delicate mechanical cleaning 
will be needed to back up the poultice method. 



STAIN REMOVAL IMPERMEABLE 
ARTIEACTS— METHODOLOGY 

Metallic salt stains, rust red for iron and blue-green for copper, will most 
likely be removed from high fired ware, robusf glass, and impermeable lithic during 
fhe acid soak concretion removal. This acid soak is fhe same treatment that would 
be prescribed to remove these stains if no concretion were present. As with the 
concretion removal, a 10% citric soak will suffice and will remove most stains 
within a week or two. Some tough stains residing on the roughened broken edge 
of a ceramic will need a citric paste poultice. This poultice is made with citric 
crystals, mixed with a few drops of distilled water. The paste is placed on the stain 
or vigorously scrubbed into the area with a toothbrush, results may take a few 
treatments. 

Black organic stains produced by sulfides are removed by soaking fhe arfifacf 
in a strong 35% solution of hydrogen peroxide. Hydrogen peroxide of this strength 
should be handled with care as it can cause burns. Sulfide stain removal should 
take a few days to a week but some results will be viewed almost immediately. 
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STAIN REMOVAL POROUS ARTIFACTS— METHODOLOGY 

Metallic salt stains in porous materials can be removed by encasing them 
in a paste of 10% citric acid mixed with talcum powder or citric acid soaked into 
a cotton bud poultice. It should be kept in mind that this artifact should not be 
allowed to dry while stain removal takes place. Salt crystallization is a possibility 
until the required desalination rinse is complete. Since the metallic stains will 
block the rinse it cannot be fully successful until the stains have been removed. 

Chelating agents such as the disodium, trisodium, and tetrasodium salts 
of ethylenediaminetetraacetic acid (EDTA) have also been used successfully to 
remove stains from artifacts and are available from chemical supply stores. EDTA 
can be applied in the same manner as citric acid, in poultice form. Complexing 
agents such as EDTA or Calgon mobilize heavy metals from their insoluble com- 
pounds, so they can be rinsed from the artifact.' Again it should be noted that 
general soaks in chelating agents will soften low fired ceramic and must be done 
with great care. 

Organic sulfide stains (black) are removed with a hydrogen peroxide soak. 
A 10% solution will keep gas evolution to a minimum. It may take several weeks 
for this weaker solution to remove the stain. 

Devitrifying glass is a particular concern in this category. The sodium and 
potassium carbonates on the surface of the glass are hygroscopic and will continue 
to attract moisture from the atmosphere even after the glass has been dehydrated. 
In this instance a mild soap can be used to remove the carbonates before the artifact 
is given a final desalination rinse. 



DESALINATION RINSE— METHODOLOGY 

After concretion and stain removal all ceramics, glass, and lithic should 
undergo a lengthy desalination rinse in deionized or distilled water. This rinse will 
remove most of the remaining interstitial salt and is particularly indispensable to 
the more porous terra cotta, earthenware, sedimentary, and porous metamorphic 
rock whose bodies have absorbed a good deal of this harmful solute. Without the 
rinse any salt inside the artifact will have a tendency to rise to the surface and 
crystallize, flaking off surface detail and glaze. 

Rinse tanks can be fabricated of any container that will hold the artifacts and 
a sufficient amount of distilled water to cover them. Experience has demonstrated, 
however, that stirring devices such as pumps or circulators of virtually any kind. 



* A Chelating Agent is an electron donor compound with more than one atom that may be bonded 
to a central metal ion at one time to form a ring structure. Chelates of EDTA greatly increase the 
migration of heavy metal ions from existing compounds. These agents are not specific for a single 
metal ion. When EDTA complexes with a metal ion from the oxide layer, the resultant complex is 
more water soluble (Personal communication with M. Kuehl, chemistry consultant). 
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will speed the rinse process by a large factor. Stirring devices keep pockets of high 
concentration salt from building in the interstitial artifact — rinse water boundary. 
The high salt concentration in these small crevices can block the release of more 
salt and slow the rinse time. 

Rinse times are variable depending on the type of rinse tank used. Friable 
and delicate objects should undergo static rinse in an un-circulated container. Static 
immersion rinses of two months with weekly water changes for porous artifacts 
is not out of the question. Agitation tanks require less time, with a month of rinse 
time and weekly water changes recommended for badly contaminated porous 
objects. 

Fresh water recovered artifacts have not been subject to salt infusion and, 
therefore, require no fresh water rinsing. 



CONSOLIDATION— METHODOLOGY 

Only those delicate and friable artifacts that are actually loosing surface detail 
should be considered for consolidation. These artifacts should be dehydrated in a 
solvent solution to lessen the surface tension effects of drying water as it pulls on 
delicate surface structure. An hour long soak in used alcohol, acetone, or toluene 
will suffice for the initial dehydration followed by one more hour-long soak in 
fresh 100% solvent. Solvent baths should be covered at all times and located far 
from any flammable ignition source. 

Consolidation or the physical stabilization of the surface of a delicate arti- 
fact can then be accomplished by soaking the dehydrated artifact in a mixture of 
Paraloid B-72 (glue) in toluene, or PVA (polyvinyl acetate) in any solvent. The 
percentage mixture of these consolidating substances in solvent depends on the 
amount of penetration needed. The more penetration the more solvent, the more 
surface consolidation the less solvent. Mixtures as high as 50% solvent and 50% 
glue can be used. A few hours soaking in the consolidant mixture should suffice 
for the glue and solvent to penetrate the surface and into the body of the object. 
The artifact can then be carefully removed and placed in a vapor chamber. In this 
instance a vapor chamber can be any sealed plastic container that is not much 
larger than the object that is being treated. Three days of slow drying is sufficient 
time to prevent the consolidant from wicking to the surface of the object. 

It should be noted that the consolidants listed here are not completely imper- 
vious to moisture penetration. It is possible that devitrifying glass can still absorb 
water from the atmosphere and continue to decompose. 

Devitrifying glass is a particular problem in conservation. Washing the 
sodium and potassium carbonates from the surface (in Stain Removal Porous 
Artifacts) will slow the ion migration from the glass, but will not stop it. New 
treatments like silicon oil (Smith, 2003) show promise and short term good results 
by blocking the ion exchange and consolidating the surface. But silicon oil treat- 
ment is irreversible and has not proven itself over long duration. Until a treatment 




154 



CHAPTER 6 



arrives that satisfies the conservation codes stated in chapter 1, the best treatment 
for devitrifying glass is to store it in a very low relative humidity, even if it has 
been consolidated with B-72 or PVA. This is easily accomplished by placing the 
treated glass in a small chamber or container supplied with a desiccant (moisture 
absorbing salt). 



DEHYDRATION— METHODOLOGY 

Final dehydration is accomplished by removing the artifacts from the desali- 
nation rinse and allowing them to air dry. As mentioned in the consolidation section, 
particularly delicate artifacts can be solvent dried in used alcohol for a one-hour 
soak followed by another similarly timed soak in 100% solvent. This solvent dehy- 
dration will lessen the surface tension effect of water and allow the object to air 
dry with little or no surface damage. 



CONCLUSION 

Misidentification of ceramics and pottery is always possible so long as stains 
hide the true color and nature of the piece and tool marks and mold marks are 
obscured by concretion and staining. Fortunately conservation remedies for these 
problems are not difficult and will aid in the micro-excavation and evaluation of 
siliceous artifacts. 

Yet ceramic, glass and lithic artifacts pose unique problems for the archae- 
ologist/conservator. In many ways the robust nature of these objects work against 
them, in that they deceive the archaeologist/conservator, or curator into thinking 
that the materials are indestructible and need no stabilization. This is simply not 
the case, many of these artifacts have been damaged over time in a great many 
ways and many will continue to degrade in the laboratory or museum if the artifact 
is not treated and stabilized for storage. 
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Treatments for Organics Other than Wood 

Represented in Conservation Literature i of 2 



Stain Removal 



Acetic acid 
Amonia 

Amoniated Peroxide Bleach 
Amonium Citrate 
Amonium Oxalate 
Chloramine - T 



Citric acid 167 

EDTA (di, tri, & tetrasodium salt) 167 

Formic acid 
Hydrochloric acid 

Hydrofluoric acid 167 

Hydrogen Peroxide 167 

Hydrogen Peroxide + Amonia 
Morpholine 

Non-Ionic detergent 168 

Oxalic Acid 167 

Phosphoric acid 
Potassium Permanganate 
Pyridine 

Sodium Bisulfite 



Sodium Citrate + Sodium Dithionite + Sodium hydrogen carbonate 
Sodium Dithionite 

Sodium Hexametaphosphate (Calgon) 

Sodium Hydrosulfite + Amonia 
Sodium Sulfite 
Sulphurous acid 
Tartaricacid 

Thioglycollic acid + Sodium Dithionite + DTPA 

Consolidation 



Cellulosics 

Carboxymethyl cellulose 



Ethulose 400 169 

Hydroxymethyl cellulose 
Polyvinyl Alcohol 
PVA (Polyvinyl acetate) 

Acryloid/ Paraloid B-72 171 



Bakelite AYAF & AY AT 
PVB (Plolyvinyl Buterol) 

Polyvinyl Pyrrolidone 
Rhoplex 
Silicon Oil 
Soluble Nylon 

White Glue (PVA) 173 
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Leather T reatments 



Bavon ASAK ABP (Solvent) 

Bavon 5205 (Water) 

British Museum Leather Dressing 
Castor Oil 

Deutches Leder Museum Emulsin 

Dinolene 1230 - B 

Dymsol D 

D^sol S 

Glycerol 

Guildhall Museum Dressing 

Lexol 

Neatsfoot Oil 
Neutrallatt SS 
Petrolatum 

Polyethylene Glycol (PEG) 

Silicon Oil 
Vegetable Oil 



Dehydration T reatments 

Atmospheric Freeze Drying 168, 170, 171 

Slow Drying (Humidity Chamber) 170, 171 

Solvent Drying removes fats & oils 

Vacuum Freeze Drying not cost effective 



Pearson, 1987: Chapt. 8; 



Plenderleith, 1971: 110-111; Singley, 1988: 70-89; 
Hamilton, 1999: Files 3, 7,. 8) 
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Chapter 7 



Organics Other than Wood 



Organics other than wood is an immense category of materials that include all 
artifacts produced from plant fiber, plant byproducts, plus animal tissue and bone. 
Although each of these materials deserves a chapter unto itself (if not a book), 
there are enough similarities of treatment within these materials to group them 
together, into one chapter. As well as being an extremely large group of materials, 
organics are extremely complex. In this light, a discussion of animal DNA protein 
synthesis within the ribosomes, and carbohydrate formation from dark and light 
cycle photosynthesis in plants, would only cloud conservation issues and make 
the text needlessly complex.' Therefore, the description of biological structure in 
organics will be limited to those salient features and structure that actually affect 
the outcome and choice of conservation treatment. 

Surprisingly, many organics other than wood survive the centuries quite 
well. This is surprising in that the earth’s ecosystems are generally quite adept at 
breaking down organic material into raw nutrients and minerals. The landscape 
and ocean floor would be quite different and very cluttered if nothing decayed. 
Yet internment at archaeological sites seems to offer an alternative to the general 
breakdown rules. Leather and bone rank among the most durable archaeological 
materials if interred under the right circumstances, while seemingly delicate items 
such as textiles and cordage survive inundation and benthic burial far better and 
more often than archaeologists and conservators would normally have believed. 

All of these materials fit under the heading of carbon based organic fibrous 
polymers. Simply put, they are materials created by living cells made of strings 
of molecules, protein from animals and cellulose or other polysaccharides from 
plants. Cellulose is made of glucose (a type of sugar) monomers chained together 
to form a polymer or polysaccharide. Animal protein can be divided into two 
basic types, collagen and Keratin. Collagen, such as skin, leather, bone and antlers 
consist of protein deposits outside the animal cell. Keratin forms such material as 
hair, horns, shell, or wool. Keratin is an interior cell deposit. 

Cellulosic material on the other hand, can often be divided into soft fibers 
such as flax, cotton, baste, linen, ramie, sisal, jute, and kapok and hard fibers such 



* Should the conservator be interested, some of the better discussions of organic formation include 
(Pearson, 1987: Chapters 2 & 8; Cronyn, 1990: Chapter 6: Plenderleith, 1971: Part 1; Hamilton, 
1999: files 3, 7, 8). 
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as manila, hemp or caroa. Other important cellulosic materials found on archae- 
ological sites may include paper, straw, com, comhusks, as well as other grains, 
nuts, and fruit pits, and occasionally pine needles used for utilitarian items such as 
baskets and brooms. Plant products such as pitch, tar, and other resins plus rubber 
are not cellulosic materials but polymeric products of the living process in trees. 

Left on the surface of the ground, most of these organic materials will quickly 
decay or be consumed by a variety of animals and bacteria. Bones and antlers left 
in wooded environments are of particular interest to other animals for their calcium 
salts. Yet most organic materials can survive quite lengthy burials, in the ground 
or the sea bottom. Often these materials reach a state of equilibrium with the 
site in which they are interred. Though most will continue to slowly decompose, 
anaerobic decomposition is much less efficient than aerobic respiration used by 
surface level bacteria and air breathing animals. Oxygen, pH, and Eh, levels in 
the ground or sea bottom complicate decomposition as do the presence of tannins 
or metallic salts. Decomposition also depends on the amount of interstitial water 
present at a site. Desert and dry sites can exhibit excellent preservation of organic 
material while wet sites demonstrate preferential preservation. In all, therefore, 
the only factor that is nearly as complex as a study of organic material, is site 
formation process of their burial. 

All in all, therefore, it is more efficient to tackle organic materials by their 
similarities of treatment, rather than go into the formation and breakdown of each 
type of material as has been done for wood, metal, and siliceous artifacts. This 
methodological approach may fall short of explaining why a particular method is 
chosen in each case, but will prove reasonably efficient. 



STORAGE— METHODOLOGY 

It should be remembered that removing any artifact from the nearly static 
equilibrium of its internment site changes its’ decomposition dynamics. Most 
artifacts, particularly organic materials will begin rapid decomposition after exca- 
vation and must be considered to be under micro-biotic attack. It is the job of the 
archaeologist/ conservator to see to it that the artifact and the data that it represents 
arrive safely at the laboratory and begin stabilization. As with all other materials, 
stabilization of organic materials begins with its recovery and storage. 

Dry recovered organic artifacts are often excavated along with the surround- 
ing soil in a block recovery. In this way, the organic artifact, textile, leather, bone, 
will remain supported by the surrounding soil until micro-excavation can carefully 
release the item at the laboratory. Block recoveries are easily boxed for transporta- 
tion provided the block fits satisfactorily into the transportation box. All recovered 
organic artifacts should be considered delicate. If recovered individually, they 
should be stored in plastic bags and supported within a transportation box in as 
close to the same humidity as their natural environment as possible. If the artifacts 
do not fit snuggly within their transport containers they should be packed so that 
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they don’t slide around. Quite often a great deal of damage can be visited on any 
artifact that is free to move inside a transport box. 

In a like manner wet recovered or sea bed recovered organics should be kept 
damp, but unlike wood, they need not be left in containers of free standing water. 
Most organic artifacts have had their cellular structure altered during processing or 
manufacture and can no longer be affected by cellular collapse or osmotic pressure 
differentials. Therefore, they are best stored in only enough fresh water to keep 
them damp. The agitation created by transporting freestanding water in a storage 
container can turn organic materials to pulp. This is particularly true of cordage. 
Over the centuries it can be degraded to the consistency of soft paste. 

The best laboratory storage for organic materials would recreate the anaero- 
bic, dark, and temperature moderated conditions that exist in the soil or sea floor, 
yet recreating a non-oxygenated storage facility may be difficult and impractical. 
However, airtight plastic storage containers will work nicely on a case by case basis. 
These can be flooded with nitrogen if the artifact is valuable enough to warrant 
this small, added expense. Nitrogen makes up 78 percent of the earth’s atmosphere 
and is relatively inert and non-toxic. A bottle of nitrogen opened directly over and 
within inches of an open box will spill into it displacing the oxygen rich atmo- 
sphere. The lid is placed on the artifact, and the box is for all intents and purposes 
oxygen free. Nitrogen can be purchased at any home brewing or bottling store. 

In addition to air tight, possibly oxygen free storage, organic materials should 
be refrigerated, and depending on the material, they may be kept frozen. Textiles, 
wool, silk, and hair plus vegetable matting are all safe to freeze. Cool temperatures 
retard the metabolic rate of the micro-biota that will attempt to break down the 
organic material. Though refrigeration and freezing will not stop decay entirely, it 
will be greatly slowed. Refrigerators are fairly inexpensive and certainly trouble 
free. All laboratories that deal with organic artifacts should be supplied with a 
refrigerator/freezer. 

Finally, custom designed supports at this stage of the treatment will help 
mitigate the physical damage incurred by simply transporting an artifact through 
its different treatment procedures. These supports can include nylon mesh artifact 
stockings placed around an artifact to surround and support it without interfering 
with treatment, or various imaginative combinations of plexi-glass and wood. Once 
placed in its support, an artifact should not have to be rearranged. In many cases, 
therefore, the artifact has to be shaped as the conservator would like it to look 
when it is conserved. 



MECHANICAL CLEANING— METHODOLOGY 

Often the silt that has helped save an organic artifact adheres to it quite 
strongly. Unwanted silt, clay, and sand can usually be rinsed and cleaned using 
mechanical cleaning procedures and a great deal of patience. At the lab the artifacts 
are carefully released from their embedded soil almost one particle at a time. 
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Micro-excavation and cleaning is necessarily a mechanical process in which 
the conservator/archaeologist utilizes scalpels, dental picks and other tools for 
the delicate work. Imagination can also he helpful, fabricated tools can make the 
delicate job of disinterring the artifact easier. Below is an example of a table that 
can be flooded to a depth of one inch and is back-lit. Back-lighting and a 3x lighted 
hobby lens allow for good scrutiny of the material while the cleaning process takes 
place. Soil and dirt are removed on this table with an l.V. needle attached to a tiny 
variable speed water pump. As the dirt and sand is pried off with the needle, the 
water stream washes it out of the way. On the other side of the table is a vacuum 
hose of the same small gauge tubing that supplies the l.V. needle with its water 
stream. The vacuum hose can be used to remove and displace pieces of dirt or move 
the fabric without touching it. l.V. needles make an excellent micro-excavation tool 
as they are sharp and well shaped for prying particles and dirt loose. 

It is imperative during cleaning that textiles and other flat or woven artifacts 
and fabrics be unfolded and fully spread on a supporting structure. This is not easily 
accomplished until each layer of dirt is removed and a layer of fabric is unfolded. 
Unfolding fabric is more easily accomplished on a table that can be flooded. Water 
buoyancy helps support the weight of the fabric while it lubricates the process and 




Figure 40. This textile and cordage cleaning table can be flooded with water to a depth of one inch 
Cleaning and unfolding textiles is accomplished with the aid of a small pump (on left) that produces a 
water stream. The other flexible tubing produces a vacuum. Photograph by Chris Valvano. 
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prevents breakage at the fold line. Between and after each cleaning session the 
artifact should be returned on its support to the refrigerator. 

Mechanical cleaning is probably the most important stage in the micro- 
excavation of an organic artifact. It is here that the true nature and form of a textile 
or fabric can be realized. What was once a formless mass may suddenly take a 
shape and become a recognizable pattern. Other objects may also be recognized 
only after the cover of dirt and soil has been removed. 



STAIN AND GREASE REMOVAL— METHODOLOGY 

Most organic artifacts may exhibit two basic types of stain. Black organic 
stains from sulfides are quite damaging, as are metallic salt stains from nearby 
corroding metals. Iron stains will be rust orange while copper stains will be blue 
or green. Stains and the compounds that make them up are invariably damaging 
to organic material and should, if possible, be removed. 

Sulfide stains are removed from most organic fabrics and polymers with 
a 3% to 10% hydrogen peroxide soak. Great care should be taken during this 
chemical wash to inspect the artifact at short intervals. Hydrogen peroxide H 2 O 2 
is a bleaching agent and can be very harmful to some textiles, actually dissolving 
soft cellulosic fibers in a relatively short time of several hours. The archaeologist/ 
conservator may have to decide the ratio of probable good to possible harm for 
any given artifact. All treatments and chemical washes should be attempted on 
small areas before the entire object is cleaned. Hydrogen peroxide soaks should 
be done with observers present and last no more than several hours per wash, per 
day. The artifact should be rinsed in distilled water after each soak and returned to 
the refrigerator afterward. 

Metallic corrosion stains are removed in dilute acid solution or a chelating 
agent such as the disodium, trisodium, or tetrasodium salt of EDTA. Citric, oxalic, 
or hydrofluoric acids can be used in 3% to 10% concentrations (hydrofluoric acid 
does have some carcinogenic health concerns and should never be used without 
gloves and good ventilation). If an artifact is made of a material that is vulnerable to 
acid soaks (such as bone, teeth, ivory, and antler) a 10% trisodium or tetrasodium 
salt EDTA solution offers a neutral or basic pH alternative. As with hydrogen 
peroxide, great care must be taken to insure the optimal beneficial frealmenf lime 
by subjecting a small portion of an object to the treatment, before submerging the 
entire artifact in the chemical wash. As always the possible benefits must outweigh 
the risks before a procedure continues. 

Acid or EDTA treatments may last for several hours per treatment, per day. 
The stain removal should continue until the stain is gone or until the conservator 
believes the repeated soaks are damaging the artifact. Total treatment time may be 
measured in weeks. Sulfide and metallic stain intrusion is insidious and may take 
years to damage an artifact, but the damage will take place nonetheless. As with 
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the hydrogen peroxide soak, the artifact should be rinsed in distilled water after 
each treatment and returned to the refrigerator between treatments. 

When the acid wash is complete and the stains have been removed, a one hour 
buffering rinse in mild 1% or 2% sodium bicarbonate solution will neutralize any 
acid that may have soaked into the artifact. If grease is present in the material it can 
be removed with a 5% solution of non-ionic detergent (available through chemical 
suppliers). Buffering or grease removal should be followed by a distilled water 
rinse and all artifacts that have gone through this process, including dry recovered 
artifacts should remain stored in distilled water and placed in the refrigerator until 
the dehydration process. This will prevent damage from repeated drying. 



RINSE— METHODOLOGY 

After stain removal is complete a final static rinse in distilled water should 
last for several hours and the water should be changed at least once depending on 
the relative surface area of an artifact. The courser the texture of an object, the 
greater the surface area and the greater the need to change the rinse water. An 
overnight rinse is not out of the question. No agitation is necessary for this rinse 
as water movement may damage the artifact. 

This rinse should remove all treatment and buffering solutions plus any salts 
that have penetrated the artifact. Handling the artifact should be kept to a minimal, 
by now it is only moved on the support constructed for it in the storage stage. 



TREATMENT EOR CELLULOSIC TEXTILES, WOOL, SILK 
& HAIR— METHODOLOGY 

Cellulosic textiles include any fabric or material fashioned of cellulose. This 
includes paper and woven materials comprised of cotton, kapok, baste, linen, flax, 
hemp, ramie, sisal, or jute. Though unrelated to cellulosic textiles except for their 
treatment, wool, silk (protein fibroin), and hair (protein keratin) are included in 
this category. 

The treatment for these materials is very simple. They should be arranged 
in the fashion that the conservator believes’ is best for display, and placed on their 
supporting structures in an ordinary freezer. 



DEHYDRATION— METHODOLOGY 

When stain removal and cleaning are completed cellulosic textiles plus wool, 
hair, and silk are ready for non-vacuum freeze-drying. Non vacuum freeze-drying 
is a simple yet effective method for the conservation of these materials. The textile 
is simply arranged on its support as it will be displayed, and placed in the freezer. 
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Within six weeks the water will have sublimated from the fabric leaving the dehy- 
drated textile spread on its support. Sublimation occurs when a solid becomes a 
gas without going through a liquid phase. The liquid phase, with its increased 
capillary tension pressures, can be harmful to the artifact as it dehydrates. 

Should it be deemed necessary, a 10% solution of glycerol in distilled water 
can be misted on the cellulosic fabrics, to keep them from becoming too dry and 
brittle. Glycerol will act as a humectant, helping add flexibility to the fibers. In 
a like manner, a dilute solution of lanolin can be atomized over woolen artifacts 
during freeze-drying. Lanolin is a natural wool fat derivative and will enter the 
wool and replace some of the fats lost through decay and hydrolysis. 

After dehydration the artifacts are safe to store in a climatically controlled (air 
conditioned) building at 50% relative humidity. Containers and supports should be 
non-reactive and acid free (virtually any plastic). Cardboard boxes will release acid 
into the micro-atmosphere inside the box. Any artifacts, stored in cardboard boxes 
should be sealed in a protective plastic cases or bags and periodically checked to 
see that the humidity level in the bag or box does not promote mold. 



TREATMENT EOR CORDAGE AND VEGETABLE 
MATTING— METHODOLOGY 

Cordage includes all types of cellulosic rope, line, cannon shot wadding, and 
historic caulking. Vegetable matting includes anything from pine needle and grass 
woven baskets, to brooms or other utilitarian objects of like material.^ Though 
these objects seem to be very delicate and unlikely to survive in the archaeological 
record, many have been recovered. However, biotic attack and hydrolysis usually 
leave cordage and vegetable matting recovered from both land and underwater 
sites in need of consolidation and structural support. 

Most of these artifacts will be delicate and require physical supports and 
nylon mesh wraps (advocated in the Recovery and Storage Section). The nylon 
mesh wrap (larger gap mesh works best like vegetable and fruit bags) will give the 
artifact structural support as it undergoes treatment but will not interfere with the 
introduction of consolidants and stabilizing agents. 

An ethulose, PEG, glycerol mixture both strengthens and consolidates these 
materials, without the adverse swelling associated with using only PEG. It will 
leave the artifacts natural looking and dry to the touch. Treatment involves placing 

^ There is an unfortunate tendency in conservation to cling to certain developing treatments as perhaps 
the cure-all for all materials, a magic bullet that will take away the complication of a multiplicity of 
treatments. Vacuum freeze-drying was one such cure-all and PEG was another. PEG is NOT always a 
good solution and should be avoided for paper or woven organic materials like grass or pine needles. 
PEG causes these materials to swell, loosening much of the weaving as the material expands. Silicon 
Oil is a promising consolidant in the treatment of organics allowing them free motion after treatment 
and imparting strength to the object. However the treatment is not reversible and its effects have not 
been observed over prolonged time periods (Smith, 2003). 
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Figure 41. Treated braided rope from an early 19th century site. Photograph by Frank Cantelas. 



the cleaned material to be conserved into a solution of 8% PEG 400, .7% ethulose 
400, and 2% glycerol (Pearson, 1987; 152). Prior to treatment the artifact should 
be arranged in a shape for display, as it will remain in this position when treatment 
is complete. 

The desired consolidant mixture is produced by mixing 7 grams of ethulose, 
80 grams of PEG 400, and 20 grams of glycerol in 893 grams of distilled water. 
The ethulose 400 is a powder that should be added to the solution in very small 
amounts as it absorbs a tremendous amount of water and will clump if it is not 
mixed thoroughly. This mixture will produce a thick liquid in which the artifact is 
submerged. It should then be covered, and placed in the refrigerator for six weeks. 



DEHYDRATION— METHODOLOGY 

After six weeks the cordage or vegetable matting can be removed from the 
solution, loosely covered and placed in a freezer for atmospheric freeze-drying. 
Experience has demonstrated that even better results are obtained from placing the 
artifact on its support in the relative humidity chamber just as it is set up for slow 
drying wooden artifacts.^ In eight weeks the water will have sublimated from the 



^ Freezer bum or a slight darkening of the outer layer of an artifact can be a problem in freeze-drying. 
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cordage and vegetable matting in the freezer. Slow drying will take about half this 
time, producing an artifact ready for storage or display in four weeks. Care should 
be taken in the relative humidity chamber that mold does not begin to grow on 
the artifact or anywhere in the chamber. Spray applications of Lysol will prevent 
biotic growth in the humidity chamber and should be used as a prophylactic guard 
on a weekly basis while the equipment is in use. 

After dehydration the cordage or vegetable matting can be stored in a cli- 
matically controlled environment of about a 50% relative humidity. This humidity 
level is easily maintained in most air-conditioned buildings. If cardboard boxes 
are used for storage the artifact must be sealed in a plastic container and checked 
periodically for mold. 



TREATMENT EOR LEATHER— METHODOLOGY 

After leather has been cleaned and freed of any stains it is ready for treatment. 
This treatment is recommended for dry recovered leather and waterlogged leather. 
Leather is of course made of animal hide, but skin doesn’t normally survive well 
in the archaeological record unless it has been tanned, or converted to leather. 
Skin is a fibrous polymer of the protein collagen. Tanning causes complex cross- 
linkages of the collagen, making leather a much more durable material than skin. 
All leather created before the middle of the 19th century was vegetable tanned, 
normally with leached tannic acid from oak bark. After the middle of the 19th 
century industrially tanned leather was produced through infiltration of the heavy 
metal chromium (chromium tanned leather is green on edge). 

The aim of leather treatment is to prevent the charged collagen fibers from the 
inside of the leather from permanently bonding to the charged fibers on the outside 
of the leather, via the contractile force of water as it evaporates. This process will 
permanently shrink and harden the leather. Archaeological leather should only be 
fully dried after pretreatment. 

Pretreatment consists of placing the leather artifact in a 10% PEG 400 solu- 
tion. At one-week intervals the PEG percentage is raised by 10% increments until 
a 30% solution is achieved. Placing the artifact in a hot box (see Chapter 1) dur- 
ing treatment will facilitate PEG penetration. One week after the 30% solution is 
gained the leather artifact is removed and placed in the relative humidity cham- 
ber for drying. Atmospheric freeze-drying under a loose plastic cover is also a 
possibility though results appear better in the humidity chamber. 

After a month in the relative humidity chamber or six to eight weeks in 
the freezer the leather can be removed and evaluated for consolidation or oil 
application. If necessary loose surface pieces can be consolidated with a brush 
application of the glue B-72 diluted in toluene. 

At this stage the leather should be in good condition though light colored, 
stiff and dry. This is due to the fact that deterioration has robbed the leather of much 
of the oil that once kept it supple. Several leather dressings are available to help 
restore the oil content. One good conditioner currently available is Lexol. Lexol 
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Figure 42. Early 19th century leather shoe before conditioner application. Photograph by 

Frank Cantelas. 



or other conditioners can be applied with a cloth, paintbrush, or atomizer. Several 
applications may be necessary to bring back the leather’s suppleness and color. If 
necessary the artifact can be immersed in the conditioner for lengthy soaks. When 
removed excess conditioner should be daubed off the artifact with a clean cloth. 

It should be noted that many of these conditioners will promote corrosion 
of any metallic fasteners or rivets in the leather. If there are metal staples, rivets, 
nails, or buttons in the leather the artifact is a composite and will require a slightly 
different treatment (see Chapter 8). 



TREATMENT EOR BONE, TEETH, IVORY, 

AND ANTLERS— METHODOLOGY 

Bone, teeth, antlers, and ivory can be very durable materials provided they 
have been interred under the right circumstances. They do not last long on the 
surface of the ground or on the unprotected seabed. All of these materials contain 
calcium and other mineral salts and are produced in a porous collagen matrix 
structure, making them susceptible to salt and contaminant intrusion. Since dry 
finds have been subjected to years of rain percolation and salt intrusion they are 
treated in the same manner as salt water finds. 
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Figure 43. Bone handled knife treated in separate pieces. Photograph by Frank Cantelas. 



Basic treatment for these materials consists of a lengthy desalination rinse 
that can begin when the artifact undergoes stain removal and washing. They should 
be kept wet in distilled water and stored in the refrigerator between treatments. 
Following mechanical cleaning and stain removal artifacts of bone, teeth, antlers 
and ivory, should undergo rinsing similar to ceramics. Agitation rinsing is prefer- 
able to static rinsing in this case because of the porosity of the artifacts. This rinse 
should take up to four weeks with water changes each week. 

On completion the artifacts are removed from the rinsing tank and air dried. 
Freezing, heating, or solvent drying these materials can injure them and may rinse 
away some of their original fats or oils and should not be contemplated. 

If the artifacts are found after desalination to be too delicate to survive 
dehydration they can be placed in a 50% PVA solution in distilled water and 
allowed to soak for two weeks. Many white-glues contain PVA formulas and can 
be substituted for pure PVA. A two-week soak will allow the solution to penetrate 
the structure of the artifact. 

Dehydration should take place in a vapor chamber to keep the glue from 
being drawn to the surface of the object. A vapor chamber can be any container 
that can be sealed. Inside, the artifact should be placed on a raised platform and 
the bottom should be covered with water. A lettuce crisper makes a good vapor 
chamber. A week of drying should be sufficient in the vapor chamber. 



RUBBER 

Very little is currently known about rubber conservation. Its use as a water- 
proofing substance dates to the late 1 8th century and its more frequent use after 
vulcanization was perfected in 1839 indicate that it may become a frequent sur- 
vivor in the 19th century archaeological record. During the early days of its use 
rubber was processed for use in hoses, shoes, raincoats, and hats. Spreading rubber 
on cloth to make a waterproof material is how rain gear was fabricated. 
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Rubber is an organic compound synthesized from latex, the sap of the rubber 
tree. Latex begins as a colloidal suspension with no particular organization. Its 
strength and elasticity are derived from the general fiber direction manufactured 
into it during the rehning process. Rubber naturally oxidizes and breaks down over 
time. Its decomposition is accelerated in direct sunlight or ultraviolet rays and heat. 



STORAGE— METHODOLOGY 

It seems possible that archaeological sites hold the key to discovering how 
to preserve this substance for extended periods. Dark, cold, anaerobic conditions 
have preserved some intact rubber cloth specimens for 140 years or more. This 
duration is far better than any scientifically developed synthetic anti-oxidants can 
yet claim. 

After recovery rubber should be refrigerated or preferably frozen for storage. 
The cold will keep the natural breakdown process slowed to a minimum. Prepa- 
ration for freezing includes placing it in an airtight plastic or non-acidic container 
flooded with nitrogen to eliminate the possibility of oxidation. 

Unfortunately the first indication of rubber breakdown is when it becomes 
soft and sticky, much like its original latex state. Rubber breakdown is progressive 
and cannot be halted short of freezing it. 



MECHANICAL CLEANING— METHODOLOGY 

Rubber artifacts can be cleaned in similar fashion to cellulosic textiles. Lib- 
eral use of running water and gentle rubbing should remove most silt and mud. 
Running water can also help to unfold rubber-impregnated textiles whose edges 
and corners are too weak to sustain the weight of unfolding them. 

Stain removal with EDTA (for metallic salt stains) and hydrogen peroxide 
(for sulhde stains) does work but may have unexpected consequences at a later 
time. Thus far very little rubber has been treated and stored. 



TREATMENT EOR RUBBER— METHODOLOGY 

There is no currently recommended rubber conservation treatment. PEG 400 
has been applied via atomizer, as have various commercially available rubber anti- 
oxidants. Though these products invariably make the rubber cloth more flexible 
and natural in texture and color, they have yet to be tested over long periods. 

Until a treatment is developed and tested for long-term results, rubber arti- 
facts should be refrigerated or frozen. Larger artifacts can be stored on acid free 
rolls inside plastic tubes filled with an inert gas such as nitrogen (see Storage and 
Recovery). 
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CONCLUSION 

Conservation of organic artifacts other than wood offers a great chal- 
lenge to the archaeologist/conservator. No other category of materials demand 
so much time, hands on treatment, and scrutiny as do organic artifacts. Nor are 
the risks of a miss-step as great with other material types as they are with delicate 
organics. 

Yet the rewards in micro-excavation and conservation of organic materials 
can also exceed those of other materials in relating history and usage. One piece of 
well preserved and conserved tartan cloth can help identify a tribe or a civilization 
better than virtually any other artifact. And though it may seem counterintuitive 
that these delicate organic artifacts survive in the archaeological record, they do 
indeed, time and again. 
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Archaeological Composites 



Composites as a group can be a conservator’s worst nightmare. By definition a 
composite artifact is an object fabricated of more than one type of material. The 
problem with composites is that often the conservation procedure for one of the 
materials is damaging to the other. This is no problem if the artifact can be taken 
apart and the two materials treated independently. The best advice anyone can 
give concerning composites, is that they should be taken apart and the different 
materials stabilized and brought back together when they are finished. But this 
cannot always be so easily accomplished. Components of artifacts may in fact, be 
so closely attached or embedded that they cannot be separated without the utter 
destruction of the artifact. Fortunately non-separable composites are rare, and the 
problems are rarer still if the archaeologist/conservator uses good judgement and 
contacts other conservator’s who have faced the same, or similar types of problems 
and were able to free the different materials for processing. 

Included in this chapter are three of the most prevalent composite artifact 
groups that an archaeologist/conservator is likely to run up against. These include 
iron imbedded in wood; bone, antler, and ivory, connected to steel; and gilding or 
plating of one metal on another. Examples of the first group of artifacts include 
wooden pulleys and blocks with iron pins and strops as well as construction scant- 
lings with through pins. The second group includes bone, antler, or ivory handled 
knives, forks, and spoons. Plating examples of the third group include tin cans 
and galvanized buckets that were hot plated by dipping them in molten tin and 
zinc, plus electrochemically plated silver, nickel, and gold watches, drawer pulls, 
handles, and jewelry. These artifacts were never intended to be disarticulated once 
they were manufactured and in fact, the manufacturers went to great lengths to 
make sure they did not come apart under normal circumstance. 

Composite artifacts leave the archaeologsit/conservator with a dilemma, 
damage the artifact to take it apart, or attempt to treat it in one piece. In most 
instances, except for plating and gilding, the conservator should make an effort to 
disassemble these artifacts and treat the individual components. In the long run this 
will insure that the interfaces between component materials will not harbor con- 
taminants and harmful compounds. It will also insure that the treatments intended 
to conserve one material do not alter or harm the other. 

But experience has shown that some artifacts will be destroyed before they 
can be disassembled. Gilding and plating, of course, will last the lifetime of the 
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artifact and should not be removed. But other multi-component objects may be 
fastened with metal pins that were peened, or held together with internal interlock- 
ing mortise and tenens. These types of artifacts will need special treatment and 
curation to insure their continued survival. 

Composite artifact treatment is not always ideal, compromises are made to 
the individual components of an artifact, but these treatments will stabilized an 
object in one piece. Should a composite object show continued decomposition in 
storage or on display, more dynamic procedures may be called for. Conservation 
treatments can always be ramped up to meet a challenge, but physical destruction 
cannot be mitigated once it is done. 

The following treatments offer an alternative to the demolition of an artifact 
and should be instituted after sincere attempts to separate components have failed. 
These methods are the best solution to a difficult circumstance. 



GILDING, PLATING, AND GALVANIZING— THEORY 

Chemically plated and electroplated buttons, metal ornaments, and jewelry 
have been produced since the middle of the 19th century. The process electro- 
chemically plates a very thin layer of the more precious or noble metal on a base 
of iron, copper, copper alloy, or nickel. This plating can be as thin as 1/1000 of 
an inch or .002 cm. The advantage of this process is obvious for jewelry and orna- 
ments as they could be made to look expensive when in fact they were only as 
costly as the base metal plus the plating process. Before electrochemical plating 
became popular for jewelry and ornaments, gilding achieved much the same goal 
as craftsmen attached thin sheets of silver and gold to less noble base metals or 
wooden objects by hand. 

Tin cans and galvanized buckets came into use at about the same time as 
jewelry plating but for more utilitarian purposes. Nonetheless, cans are in fact, 
very sophisticated food storage devices that use the principle of galvanic cou- 
pling. The can itself is made of an iron alloy that is hot dipped into tin and 
originally was soldered together with lead solder. Since the tin is a more noble 
metal than iron it is reduced (receives electrons) from the iron and will remain 
in pristine condition both on the outside of the can and most importantly on the 
inside next to the preserved food. Unfortunately, tin was also more noble than 
lead in the early cans. Some of the lead in the solder that held the seams together 
corroded to preserve the tin and the lead ions migrated into the food. Before 
the problem was solved lead contaminated canned food created a major health 
hazard. 

Galvanized buckets and other containers revolutionized the use of cheap iron 
alloys for utilitarian containers. Though cheap to produce iron alloy containers did 
not last long and easily corroded. Hot dipping the iron in the less noble metal zinc, 
solved this problem as the zinc corroded to preserve the object. Galvanized buckets 
eventually replaced leather and wood as the utilitarian material of choice. 
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Figure 45. Some examples of composite metal artifacts — nickel plated iron drawer pulls and brass 
and iron buckles, along with a solid lead gaming piece. Photograph by author. 



Gilding, plating, or galvanizing by definition places two metals together 
that have different reduction and corrosion potentials. This creates a galvanic 
couple in which the least noble base metal will begin donating electrons to the 
more noble plate or gilt. As electrons are donated, metallic ions are freed in the 
base metal. These ions will begin to migrate from the artifact and combine with 
other substances to form corrosion. Since the plating or gilt is being reduced it will 
survive quite well in the archeological record while the base metal will be less well 
preserved. The objective of the treatment for gilt and plated objects, therefore, is 
to reduce and conserve both metals at the same time. 



STORAGE— METHODOLOGY 

Recovered gilt and plated metallic artifacts should be recovered and stored 
as recommended with iron, copper, and miscellaneous metals Chapters 3, 4, and 
5. Gilt and plated items including buttons, watches, and jewelry. All plated items 
should be wrapped in aluminum foil and placed in a 2% to 5% solution of sodium 
carbonate or bicarbonate for storage and transportation. Aluminum has a lower 
corrosion potential than plated or gilt artifacts and will begin to electrochemically 
reduce them in storage. The reduction is mild with virtually no gas generation and 
no worry that the plating will be damaged. 
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The one exception to recovery and storage in aluminum foil wrap are 
galvanized items. Zinc has a lower corrosion potential than does aluminum, so 
wrapping a galvanized bucket in aluminum foil will only cause the zinc to cor- 
rode. Galvanized finds should be place in a 2% to 5% sodium carbonate or bicar- 
bonate solution in a plastic container and not allowed to touch any other metallic 
artifacts. 



CONCRETION REMOVAL— METHODOLOGY 

As with copper and its alloys a 10% citric acid solution will remove concre- 
tion and corrosion products from copper alloy base metal, gilt, and plated artifacts, 
including plating of silver, gold, and nickel. The citric acid should be used in soaks 
of up to 8 hours and carefully observed. Once the concretion is nearly removed 
the soak should be discontinued as the galvanic wrap treatment will remove the 
remainder of the concretion. 

Iron base metal artifacts will need to be mechanically cleaned of concretion 
with the possible aid of prolonged soaks in 5 % solutions of sodium hexametaphos- 
phate (Calgon). Dry recovered cans and buckets will contain typical brown mass 
type concretions that are easily removed by mechanical means. Experience demon- 
strates that there is little chance that a can or galvanized bucket will survive long 
enough in an ocean environment to retain a concretion. 



GALVANIC WRAP (ELECTROCHEMICAL 
CLEANING)— METHODOLOGY 

As with the other metals covered in this text, the galvanic wrap treatment 
for gilt and plated artifacts on copper alloy base metals is a continuation of the 
recovery and storage process except that the sodium carbonate or bicarbonate 
storage solution should be replaced with citric acid. The citric acid produces faster 
and crisper results on the surface of the artifact. Copper and copper alloy base 
metal artifacts with gold, silver, or nickel plating should first be cleaned of excess 
concretion and dirt. A pouch of aluminum foil large enough to contain the artifact 
is prepared within another container (to contain the spillage) and filled with a 
10% citric acid electrolyte. The artifact is placed in the pouch and it is closed 
and wrapped snuggly around the object, without damaging it. The galvanic wrap 
container should then be filled with more electrolyte to cover the foil pouch. 
Treatment times can take several days or last for a week or more. The slow gentle 
reduction of the artifact by the aluminum foil will generate very little gas or other 
harmful side effects. 

Galvanic wraps for plated iron objects follow the same basic principles 
outlined for copper alloy base metals, except the electrolyte should continue to be 
sodium carbonate or sodium bicarbonate in a 2% to 5% mixture (a continuation 
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of recovery and storage). Nickel and tin plated iron will be reduced gradually by 
this process with no gas generation or deleterious effects. Within days the iron 
and plate metal will be reduced and remaining concretion will fall away. If the 
artifact is heavily salt contaminated the electrolyte in the galvanic pouch will need 
frequent changes. 

Galvanized artifacts will need to undergo a more active treatment than a 
galvanic wrap. Galvanized artifacts require the active intervention of electrolytic 
reduction, as the zinc coating is too easily oxidized in most rinses. Electrolysis 
is set up as it is for cast iron (see Chapter 3). Mild amperage and a light .25% 
to .5% sodium carbonate electrolyte will insure an adequate rinse of the artifact. 
Scrubbing afterward with nylon brushes will removed the dark magnetite coating 
on the outside of the artifact. 



SOLVENT DEHYDRATION— METHODOLOGY 

Heat treatment can be very detrimental to gilded objects. Therefore, solvent 
dehydration as described in Chapter 4 for copper and copper alloy artifacts should 
be used. Three successive one-hour baths in alcohol will suffice to dehydrate the 
object. After the third bath it can be removed and allowed to air dry. 



PROTECTANT APPLICATION— METHODOLOGY 

Protectant application is an option for many plated and gilded artifacts. Heat 
treatments should not be used to coat fragile or flaking objects. Micro-crystalline 
wax can be used for robust artifacts unaffected by the heat. Shellac is an old 
coating but a good alternative to wax. It is still effective and most importantly, 
reversible. The shellac is simply painted on with a brush or sprayed on in aerosol 
can application. Shellac is removed with any solvent and alcohol works well for 
this. 

Incralac is a mixture of benzotriazol (BTA) in shellac. Though this formula 
has worked well in the past the conservator should be aware that BTA is a carcino- 
gen and should only be used with gloves and a breathing mask in a well ventilated 
area. It is also a non-reversible treatment since the BTA will chemically bond with 
the copper alloy. 

Wood and Iron 

Since the early Iron Age man’s favorite fastener for wood has been iron. 
Iron is plentiful and cheap, it is also one of the few readily available metals that 
is hard enough to drive into softwoods without a pilot hole. Wood and iron arti- 
facts are by far the most plentiful and most difficult to treat objects belonging to 
the composite grouping. Separately, wood and iron are not difficult to treat and 
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traditional conservation practice dictates that these artifacts be disassembled. Not 
surprisingly, however, composites are often difficult or impossible to disengage. 

Combined wood/iron artifacts suffer accelerated decomposition as iron cor- 
rosion products degrade, stain, and mineralize the wood nearest the corroding 
object. This deterioration process makes the corroded or concreted iron difficult to 
remove without destroying much of the wood surrounding it. The iron corrosion 
products also tend to swell or enlarge from their metallic state making them fit 
even more snugly in the surrounding wood. 

Dry recovered wood and iron composites can sometimes be taken apart by 
allowing them to dry in a low relative humidity of 40% or less. The wood should 
shrink at this humidity loosening the iron. Since dry recovered wood has already 
collapsed (if it was once waterlogged) the reduced humidity drying cannot hurt it 
further. Shrinkage from loss of water in the cell walls will correct itself as soon as 
the object is placed back into 50% or more relative humidity. 

Oceanic and fresh water recovered artifacts are a different story entirely. 
Usually the wood in these artifacts is waterlogged and the seawater-recovered iron 
has absorbed, at least at its surface, a large concentration of chloride ions. Since 
waterlogged wood cannot be allowed to dry because it will collapse (see Chapter 2), 




Figure 46. Wood and iron composite pulley block sheave. These artifacts are all but impossible to 
separate into their elemental components and can be treated as this was, with electro — sugar techniques. 
Photograph by Frank Cantelas. 
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there seems no solution to the problem of removing the iron. Especially since strong 
physical exertion may also damage the degraded wood. 

One solution to this dilemma is to treat the composite in one piece. This is 
not easy, however, since the most commonly practiced conservation procedures 
for wood and iron are detrimental to one another. PEG activates corrosion in iron, 
and the strong bases used for some recommended electrolytic procedures at other 
laboratories would be injurious to wood, breaking it down at the cellular level. 

The solution to this problem is a compromise that has produced good results 
in both esthetics and lasting quality of treatment. This approach uses low amper- 
age light electrolysis suggested for metals in this manual (Chapters 3, 4 and 5), 
combined with sucrose bulking of the wood as suggested in Chapter 2. The most 
likely scenario in the wood/iron composite group is that the conservator will be 
forced to treat the protruding head of an iron drift bolt, rod, or fastener, while the 
rest of the iron remains untouchable inside the encasing wood. 



STORAGE— METHODOLOGY 

Wood/iron composites should be stored in fresh water after the salinity of 
the storage solution has been gradually decreased (see wood storage, Chapter 2). 
Under no circumstance should a strong base be placed in the storage solution 
to prevent the iron from corroding. Strong bases will disintegrate the interstitial 
wood cell bonding and break down the wood in the object. Exposed iron or other 
metals can, in this instance, be protected galvanically with a wrap of aluminum 
foil pressed tightly onto the metal surface. 



CONCRETION REMOVAL— METHODOLOGY 

All concretion removal from wood/iron composites should be done mechan- 
ically. Generally, concretions form near the iron but they can encase a good deal 
of the wood. In the case of the protruding drift bolt head a lump of concretion can 
form on it and cover the surrounding wood. While hammers and air scribes are 
used to remove the concretion liberal use should be made of protective padding 
and wetted cloth covering to protect the wooden part of the artifact. Since each 
artifact is unique, methods for transport and protection must evolve on a case by 
case basis. The aluminum foil wrap should be placed back on the projecting iron 
after it is fully exposed. 



ELECTROLYSIS— METHODOLOGY 

Chloride ion penetration of composites poses a major problem in the conser- 
vation of the metal component of wood/iron artifacts. Experiments and experience 
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have demonstrated, that electrolytic reduction using dilute .25% sodium carbonate 
electrolyte at a pH just over 8 will not seriously damage the wood in the time it 
will take to rinse most of the chlorides from the metal surface. 

The reduction is carried out as it is for low amperage reduction suggested 
in chapter 3. It should be remembered that electrolysis only works if good contact 
has been established between the direct current power source and the object being 
reduced. Since only a small portion of the iron artifact being reduced in this instance 
will be visible, it is imperative that it be well connected with the negative terminal 
of the power source. The positive terminal will be connected to a nearby mild steel 
sacrificial anode. 

Reduction of some of the corrosion product to magnetite on the iron surface 
will foster the rinse process, allowing for chloride removal at the wood/iron inter- 
face. It is unclear how far the rinse process can go to remove deeply penetrated 
chlorides from inside the artifact. In some instances water has not penetrated to 
the core of an artifact so no chlorides are present. In other instances the water- 
logging is complete and water and chlorides have penetrated even an imbedded iron 
object. 

A general time frame for this process is that it will take longer to rinse 
the chlorides from an imbedded object than one that is being reduced on all of its 
surfaces. If a nail would normally take one or two weeks of reduction, an imbedded 
nail will take about four weeks. Even so, it is likely that only the head of the nail 
will get a thorough rinse, time will tell if the interior will need more treatment. 



RINSE— METHODOLOGY 

A careful and vigorous distilled or deionized water rinse should follow com- 
pletion of the electrolytic chloride washing procedure. This will insure that little 
of the electrolyte remains on the artifact or has penetrated the wood. This rinse 
will take place in two phases. First a running water phase in which the iron is 
carefully scrubbed free of remaining concretion, corrosion product, and reduction 
residue. Then a static rinse phase in which the artifact is placed in deionized or 
distilled water for several days. The static rinse will allow any electrolyte that has 
penetrated the wood to rinse clear. 



SUCROSE BULKING EOR THE WOOD/IRON 
COMPOSITE— METHODOLOGY 

After the artifact is thoroughly rinsed it is ready to undergo wood conser- 
vation. Sucrose, the chosen bulking agent for this procedure, has demonstrated 
a mild temperament in regard to iron stabilization, unlike PEG which promotes 
corrosion. Experience has demonstrated that if anything, sucrose solutions seem 
to inhibit iron corrosion. 
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Bulking treatment of the wood follows the procedures outlined in chapter 
2 of this manual. The artifact is submerged first in a 10% solution of sucrose 
and increase 10% on a weekly basis until a 50% solution is achieved. Aluminum 
foil wrap should be placed over the exposed iron during the bulking phase. Bulk- 
ing treatments with sucrose should take place in heated tanks to insure success 
and to keep biotic growth to a minimal. Proper weight gain in the 20% to 35% 
range will signal the bulking agent’s success at penetrating the wooden part of the 
object. 



DEHYDRATION— METHODOLOGY 

After bulking is complete the artifact is removed from the sucrose and excess 
solution is rinsed from the metal surfaces using distilled water atomizers or squirt 
bottles. The artifact should be slow dried in the relative humidity chamber described 
in chapter 2. When this procedure is complete the artifact should be stored in a 
fairly low relative humidity of between 40% and 50%. 

The protruding iron can be sealed with a coating of tannic acid and shellac. 
This should help prevent water vapor and oxygen from being reduced at the metal’s 
surface to the detriment of metallic iron inside the artifact. 

Bone, Antler, or Ivory and Steel 

Bone, antler, and ivory are formed of calcium salts built on a porous collagen 
matrix. The natural appearance of these materials is often smooth and hard and 
white or yellowish in color. Bone, antler, and ivory were at various times popular 
in jewelry, scrimshaw, inlays for furniture, and for utensil handles, particularly 
knives. In the archaeological record, bone, ivory, and antler are most often found 
in conjunction with steel blades. 

Collagen handled knives are usually extremely delicate. Steel corrodes much 
faster than its parent metal iron and the acids produced by the corroding blade 
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Figure 47. A bone handled fork treated as a composite artifact. Photograph by Frank Cantelas, 
digitally modified by Chris Valvano. 
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immediately attack the calcium salts in the handle. A bone handled steel knife is 
normally riveted in the handle, most often with brass rivets that cross through the 
tang that is sandwiched between the two cheeks of the handle pieces. The brass 
rivets exacerbate steel’s corrosion qualities by setting up a galvanic couple in which 
the steel corrodes to protect the brass rivets. Unfortunately, the corrosion process 
usually permanently embeds the rivets insuring that the artifact cannot be taken 
apart without drilling the rivets. The corroding steel naturally stains the organic 
handle with insoluble iron salts and permeates acid into the organic material. 
Since the organic material is a natural base, they will eventually deteriorate while 
in contact with corroding metals. 



STORAGE— METHODOLOGY 

Dry recovered bone handled knives and utensils should be kept dry. It would 
not hurt to wrap the blade in aluminum foil. Wet recovered organic handled knives 
should be stored in fresh, distilled or deionized water to await treatment with the 
blades wrapped in aluminum foil. Under no circumstance should a base or alkaline 
solution be used to store the artifact. Most bases, even mild solutions of sodium 
carbonate or sodium bicarbonate will cause the collagen and calcium salts to swell 
and crack. The effects of the alkaline absorption are immediate and alarming. 



CONCRETION REMOVAL— METHODOLOGY 

Steel concretions, whether dry recovered or sea floor recovered should be 
mechanically or manually cleaned from the artifact. The steel will be quite brittle, 
possibly thin and weak as well, so this can become a real test of a conservator’s 
patience. Dental picks and scalpels are the recommended tools, an air or electric 
scribe may set up too much vibration and crack or exfoliate the blade. During the 
concretion removal process the organic handle should be covered and protected 
from abrasion and shock. Light bead blasting of the steel may be necessary for 
complete concretion removal. Many forks and spoons with organic handles seem 
to have a base metal of iron rather than steel. This makes sense as they did not 
have to keep a sharp edge. For this reason spoons and forks are more robust than 
knives and may take more aggressive treatment. 



STAIN REMOVAL— METHODOLOGY 

At this point in the treatment all effort should be made to take the artifact 
apart and treat the individual components separately. Should this prove impossible 
without harm to the artifact the following treatment is recommended. 
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Organic handles are susceptible to damage from both bases and acids. There- 
fore, a 2% to 5% trisodium salt of EDTA solution with a nearly neutral pH, or 
a weak sodium hexametaphosphate solution in distilled water should be used to 
remove the insoluble iron salts from the blade handle. If the stains appear in only 
one area, a poultice application of the stain remover on cotton or talc can be used 
to deliver the chelating agent. If the entire handle is stained (as is usually the case), 
the knife is placed handle down in a beaker and the beaker filled to the top of the 
handle with the stain remover. The stain removal soak may last for several days 
but the artifact should not be left without frequent examination. 



GALVANIC WRAP— METHODOLOGY 

After the stains have been removed from the handle the chlorides can be 
removed from the blade. The galvanic wrap will be done as it is in Chapters 3, 4, 
and 5, except that only the blade will be treated. The blade should be wrapped in 
aluminum foil so that the electrolyte can infiltrate between the blade and the foil. 
The artifact should be inverted from its previous position so that the blade is now 
down in the beaker. Mild 2% sodium carbonate or bicarbonate solution is poured 
into the beaker to the top of the blade. Great care should be taken not to let the 
solution splash the handle as it will cause spot swelling. The solution should be 
changed each week and the treatment can continue for several weeks, depending 
on how badly the blade is saturated with salt. 



RINSE— METHODOLOGY 

After both the stain removal and the desalination wrap, an hour-long rinse 
in distilled or deionized water will remove the treatment chemicals. These rinses 
should follow the treatments themselves, meaning the stain removal rinse should 
only involve the handle, while the chloride and blade reduction rinse should follow 
the galvanic wrap. 



DEHYDRATION— METHODOLOGY 

Bone, antler, and ivory are sensitive to extremes in temperature, ruling out 
oven and freeze-drying. Solvent drying on the other hand may dissolve some of the 
natural oils found in the organic material, rendering the handle brittle and unnatural 
looking on drying. The handle, therefore, should be allowed to air dry while the 
blade should be solvent dried directly after its rinse to keep new corrosion from 
forming before the water dissipates. Solvent drying is the same for this composite 
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as it is for copper, three successive baths of alcohol for one hour each. Obviously 
only the blade should be immersed in the solvent dehydration bath. 



CONSOLIDATION AND PROTECTANT 
APPLICATION— METHODOLOGY 

The blade and the handle are treated separately from stain removal onward, 
consolidation and protectant application is no exception. The blade could use a 
simple coat of protectant to ward off further moisture penetration. Shellac is easily 
applied by brush and simply allowed to air dry. It can be removed at any time with 
alcohol. 

If, after treatment, the handle pieces are friable and flaking they may be 
consolidated with PVA based white glue emulsion (not all white glues are PVA 
based). Again, the artifact needs to be placed blade up and handle down in a beaker 
large enough to hold it. The glue can be mixed with distilled water in ratios of 
10% to 50%. The lighter the glue percentage the more the penetration, the heavier 
the concentration of glue the greater the surface bonding. Several days soaking 
time should allow the consolidant to penetrate the handles. Afterward the handles 
should be allowed to slow dry under cover. 

In the final analysis this process will work well for bone, antler, and ivory 
handled implements that are not too highly salt contaminated. The tang or the 
part of the utensil that lies sandwiched between the handle halves remains largely 
untreated and if the artifact shows signs of decomposition in storage it will hrst 
appear in the tang area. Finally, the artifact should be stored in a dark, non-acidic 
container, with about 50% relative humidity. 



CONCLUSION 

The composite artifacts mentioned in this chapter are a small reflection of the 
myriad combinations possible within the entire realm of archaeological materials. 
The great majority of these objects are most easily treated by separating them into 
their component materials, but this is not always possible. Textiles adhere readily 
to iron objects, cordage is often found in conjunction with wood, and leather shoes 
are often held together with iron nails. Fortunately prehistoric sites offer up very 
few composite artifacts due to the simplicity of early cultural material kits, but it 
is possible to locate hafted projectile points and leather wood combinations. Since 
artifacts are invariably unique they all offer particular conservation dilemmas, 
not so much beyond the scope of this work, but beyond effective description. It 
becomes pointless and inefficient after a time to describe all of the possible com- 
binations. The archaeologst/conservator should be reminded that some of these 
combinations, no doubt, will be too difficult to deal with in a minimal intervention 
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laboratory. But other artifacts are simply a matter of networking, imagination, 
knowledge, and experience away from stabilization. 
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Appendix 

List of Journals [with some abbreviations] 



Abbey Newsletter 
American Antiquity 
American Neptune 
American Rifleman 

American Society of Heating, Refrigerating, and 

Air-Conditioning Engineers [ASHRAE] 

Archailogia 
Archaeology 
Archaeology Ireland 
Australian Natural History 
Aviation Equipment Maintenance 

Bermuda Maritime Museum Quarterly [BMMQ] 

Biblical Archaeology Review 
British Archaeology Reports 
British Corrosion Journal 

Bulletin of the American Institute for Conservation 
Bulletin of the Australian Institute for Maritime Conservation 



Canadian Conservation Institute Newsletter [CCI Newsletter] 

Canadian Conservation Institute Notes 

Chemical Trade Journal and Chemical Engineer [CRJCE] 



Chemistry in Australia 
Chemistry in Britain 
Christian Science Monitor 
Conservation News 
Conservation Science Bulletin 
Conservator, The 
Corrosion 

Corrosion Australasia 
Corrosion Protection and Control 
Corrosion Science 
Country Life 
Curator 
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Education in Chemistry 
Explorer, The 

Elorida Anthropologist, The 
Eorest Products Journal 
Eoundry Trade Journal 
Gemnologist, The 
Guild of Bookworkers Journal 
Heritage Australia 
Historical Archaeology 
History News 



International Counsel of Museums Proceedings [ICOM] 

Industrial and Engineering Chemistry 

International Journal of Nautical Archaeology [UNA] 

Irish Archaeological Research Eorum 

Institute of Nautical Archaeology Newsletter [INA] 



Journal of Applied Polymer Science 
Journal of Archaeological Science 
Journal of Chromatography 
Journal of Coating Technology 
Journal of Field Archaeology 
Journal of Glass Studies 
Journal of the Less Common Metals 



Journal of the American Institute for Conservation [JAIC] 

Journal of the Association for Preservation Technology, The 

Journal of the Canadian Conservation Institute [CCI] 

Journal of the Electrobiochemical Society 
Journal of the Institute of Wood Science 
Journal of the IIC — Canadian Group 
Journal of the Japan Wood Research Society 
Journal of the Oil and Colour Chemists Association 



Journal of the Society of Leather Technologists and Chemists 

Maritime Whales 

Maritimes 

Material Performance 
Materials Protection and Performance 
Medical and Biological Illustration 
Metal Finishing 
Metal Progress 

Metallurgist and Materials Technologist 

Metals and Materials 

Museum 

Museum News 

Museums Journal 

National Geographic 
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National Geographic Society Research Reports 
Natural History 
New Scientists 

Newsletter of the National Museum of Antiquities of Scotland 

Popular Science 

Poseidon 

Process Biochemistry 

Realia 

Science 

Science and Archaeology 
Science for Conservation 
Science News 
Science Technology 
Scientific American 

Scottish Society for Conservation and Restoration 
Smithsonian 

Society for Historical Archaeology Newsletter, The 

Studies in Conservation [SIC] 

Swedish Corrosion Institute Bulletin 

Technology and Conservation Magazine 

Technology and Culture 

Textile Conservation Newsletter 

Textile Month 

Textile Research Journal 

University of London Archaeological Bulletin 

Vacuum 

Water 

Waterlogged Wood Working Group Newsletter [WWWG] 

Washingtonian 
Winterthur Newsletter, The 

Waterlogged Organic Archaeological Materials Newsletter [WOAM] 

Wood and Fiber 
Wood Science 

Wood Science and Technology 

Wooden Boat 

Yankee 




Index 



Acanthite, 127 
Acetic acid, 160 
Acetones, 18, 118 
Adaptively reutilized artifacts, 6 
Agitation rinse, 140, 153 
Air Scribe, see Pneumatic scribe 
Allegator clips, 90, 115 
Alum, 40 

Aluminum foil, 83, 85, 96, 1 13, 1 17, 129, 190, 
193, 195, 196 

Aluminum magnesium alloys, 129 
Aluminum, 123, 125, 131, 189 
Amonia, 160 

Amoniated peroxide bleach, 160 
Amonium citrate, 160 
Amonium oxalate, 160 
Amperage (amps), 90, 91, 114 
Anaerobic soils, 78 
Anglesite, 127 

Anions, 78, 79, 83, 85, 92, 126 
Anodes, 75, 76, 85, 89, 108, 109, 131 
positive pole (terminal), 75, 114 
sacrificial, 92 
Antimony, 107, 108, 128 
Archaeological artifact conservation, see also 
Archaeological conservator and 
Curator, 1, 4, 9, 10 
Archaeologists, 2, 5, 6, 7, 35, 74, 80 
Archaeologist/conservator, 7, 41, 96 
Argentite, 127 
Armor, 73 
Armoring, 77 
Artifact conservation, 9 
Artifact typing, 2 
Artifacts, 

ceramic, glass, stone, 139-158 
composites, 185-200 
copper, 105—122 
iron, 69-104 



Artifacts (cont.) 

miscellaneous metals, 123-137 
organic, 4, 159-183 
wood, 4, 33-67 
Arsenic, 107 
Aspirate, 36 

Atmospheric freeze-drying, 20, 170, 171 
Aviation archaeology, 129 
Axes, 73 

Bacteria, 39 

Balance beam, 10, 20, 46 
Ballast stone, 148 
Barium borate, 40 
Basalt, 142, 148 
Bases, 83 

sodium bicarbonate, 83,86,90,91, 113, 117, 
123, 129, 130, 133, 168, 190, 196, 
197 

sodium carbonate, 83, 84, 86, 90, 91, 113, 

114, 117, 129, 130, 132, 133, 190, 
191, 194, 196, 197 

sodium sesquicarbonate, 115, 117, 132 
Bavon, 161 
Benthic, 45,80, 113 
Benzotriazole (BTA), 119, 191 
Bi-face blade, 141 
Blast furnaces, 71 
Blow pipes, 146 

Bordered pits, see also Wood, cell wall anatomy, 
36, 49 

margo, 36 
torus, 36 

Bottles, glass, 141, 146 
Brass, 76, 108, 110, 114, 119 
admiralty brass, 108 
cartridge brass, 108 
high brass, 108 
low brass, 108 
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Brass {cont.) 

muntz metal, 108 
red brass, 108 
yellow brass, 108 
Bricks, 141 
Britannia metal, 128 
British museum leather dressing, 161 
Bronze, 108, 110, 114, 119 
bells, 108 
cannon, 108 
statues, 108 
swords, 108 

Brown mass concretions, see Red/ brown mass 
Bulking agent recovery tank (BART), 18, 19 
Bulking agents, 40, 53 

Bulking and impregnation treatment, 19, 51, 52 
Bulking treatment (bulked), 41, 49, 193, 195 
Buttons, 188 

Calcium carbonate, 49, 111, 113 
Canadian Conservation Institute, 10 
Capacitor, 91 

Capillary tension collapse (CTC), see also 
Wood, collapse of, 40, 43, 

53, 192 

Carbon, 71 
Carbonate, 78, 91 
Carboxymethyl cellulose, 160 
Castor oil, 161 
Cathode, 75, 76, 82 
negative pole (terminal), 75, 90, 1 14 
Cations, 78, 79 
Cellulose, 40, 48 
Cellulosic materials, 163 
baskets, 164, 169 
baste, 163, 168 
brooms, 164 

cannon shot wadding, 169 
caroa, 164 
caulking, 169 

cellulosic textiles, 159, 160, 168 

cordage, 159, 163, 169, 170 

com, 164 

comhusks, 164 

cotton, 163, 168 

flax, 163, 168 

fruit pits, 164 

hemp, 164, 168 

jute, 163, 168 

kapok, 163, 168 

linen, 163, 168 



Cellulosic materials {cont.) 
manila, 164 
nuts, 164 
paper, 164, 168 
pine needles, 164, 169 
ramie, 163, 168 
sisal, 163, 168 
straw, 164 
textiles, 168 
Cementite, 80, 150 
Cerargyrite, 127 

Ceramics, 139, 140, 141, 142, 143, 149, 152, 
154, 173 
fabrication 
coil, 143 
paddle, 143 
pinching, 143 
slab, 143 

solid forming, 143 
turning, 143 
stain removal, 139 
stains, 143 

metallic salts, 151, 152 
organic (sulfide), 143, 151 
treatments 

concretion removal, 139 
consolidation, 139 
dehydration, 139 
desalination rinse, 139 
types 

high fired, 139, 143, 144, 145, 149 
low fired, 139, 143, 144, 149, 151 
Chalcolite, 107, 113 
Charged ion(s), 75, 93 
Chelating agents, 151, 152, 167, 197 
Chloramine-T, 160 
Chloride/bromide, 127 
Chlorides, 83, 92, 93, 109, 1 14 , 129, 132 
Chloride test, 123, 132 
Chloride titration strip(s), 93 
Chlorine, 17 

Chlorine ions, 17, 89, 129, 193 
Christensen Classification, 41 
class A, 51, 52 
class B, 51 
class C, 51 
Chromium, 171 
Cisterns, 17, 

Citric acid, 113, 117, 140, 150, 160, 167, 190 
Clay, 142 

Collagen, 163, 171, 172 
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Complete Service Laboratories (facilities), 
see also Laboratory, 10, 1 1 
Complex carbohydrates, 39 
Composite artifact, 187, 188, 191, 192, 198 
Comprehensive conservation laboratories, 
see also Laboratory, 8, 9 
Concretions, 44, 74, 77-79, 80, 81, 85, 87, 88, 
111, 112, 113, 127, 149, 150, 151, 
185, 190, 192 
Concretion mold, 87 
Conservation, 1—16, 21 
Conservation rules, 5, 12-16 
Conservation technicians, 7 
Conservation techniques, 7 
Conservator(s), 2, 5, 7, 8, 15, 22, 35, 41, 74, 80 
Consolidation, 153 
Continuous circuits, 131 
Copper, 105, 106, 110, 114, 116, 128, 129, 130, 
134, 188, 189, 190, 191 
chloride test, 105, 119 
concretion removal, 105 
dehydration, 105 
electrolysis, 105, 113, 114 
galvanic wrap, 105, 106, 113, 114 
ions, 111 

protectant application, 105, 119 
recovery and storage, 105 
rinse, 105 

sodium sesquicarbonate wash, 105 
treatments, 106 

alkaline sodium dithionite, 106 
alkaline sulfite reduction, 106 
amonia, 106 
citric acid, 106 
Biox, 106 
Modalene, 106 
EDTA, 106 

electrolytic reduction, 106, 113, 114 
high current density, 106 
higher amperage/ light electrolyte, 106 
low amperage/ light electrolyte, 106 
low current density, 106, 114 
moderate current density, 106 
mechanical surface cleaning, 106 
orthophosphoric acid, 106 
oxalic acid, 106 
phosphoric acid, 106 
sequestering agents, 106 
sodium carbonate wash, 106, 117 
thioglycollic acid, 106 
Coralline algae, 79 



Corrosion, see also Oxidation, 17, 75, 76, 78, 

85, 94, 107, 125, 126, 127, 128, 129 
dry cycle corrosion, 78, 79, 83, 88 
pitting, 109, no, 111, 129, 131 
weeping, 83, 84, 94 

Corrosion potential (E Corr), 76, 84, 85, 109, 

no, 128 

Covellite, 107, 113 
CSS Hunley Laboratory, 9 
Cuprite, 107, 109 
Cuprous chloride, 109 
Curation, 4 

Curators, 2, 3, 4, 5, 6, 7, 8 
Dead short, 90 

Dehydration, see also artifact type ex. wood, 
iron, copper etc., 20, 94, 105, 118, 
123, 133, 139, 154, 159, 168, 170, 
185, 189, 191,195, 197 
freezer/ refrigerator, 20 
microcrystalline wax, 20 
oven, 20, 94, 118, 134, 197 
solvent, 94 

deJong Classification, 41 
class I, 51, 52 
class II, 51 
class 111,51 

Dental picks, 18, 43, 44, 88, 140, 196 
Denatured alcohol, see also methyl alcohol, 

18 

Desalination, 43, 152 

Desiccator, 134 

Destanification, 110 

Deutches leder museum emulsin, 161 

Dezincification, 110, 111 

Differential aeration corrosion, 75, 109, 110 

Dinolene, 1230-B, 161 

Direct current power source (DC), 91, 1 14, 

115 

Drawer pull, 187 

Dry Laboratory, see Laboratory, dry 
Dymsol D, S, 161 

Earthenware, 142, 143, 144, 145, 149, 152 
agate ware, 144 
china glazed creamware, 144 
creamware (queensware), 144 
delft, 144, 145 
faience, 144, 145 
industrial slipware, 144 
iron stone, 144 
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Earthenware (cont.) 
jackware, 144 
marble slipware, 144 
mojolica, 144, 145 
pearl white (china glaze), 144 
Portuguese faience, 144 
red bodied earthenware, 144 
sgraffito, 144 
slipware, 144 
spode, 144 
turnerware, 144 
white granite, 144 
whitestoneware, 144 
whiteware, 144 

Electric scribe, 18, 44, 88, 196 
Electro-chemical cleaning, 16 
Electro-chemical equilibrium, 14 
Electrolysis, see also Iron, Copper electrolysis, 
106, 113, 114, 130, 185, 191 
Electrolytic reduction, 106, 113, 114, 130 
Electrolytic rinsing, 18, 130 
Electrolytic solution, 86, 90, 92 
Ethulose 400, 160, 169, 170 
Ethylenediaminetetraacetic acid (EDTA), 70, 
140, 152, 160, 167, 174, 197 
di sodium salt, 140, 152, 160, 167 
tetra sodium salt,140, 152, 160, 167 
tri sodium salt,140, 152, 160, 167 

Fiber saturation point (ESP), 39, 43 
Fibroin, 168 

Final wash or rinse, 94, 133 
Flat ware, 141 
Flow charts, 2 

ceramic, glass, stone, 2, 139 
composites, 185 
copper, 2, 105 
iron, 2, 3, 69 

miscellaneous metals, 123 
organics, 159 
wood, 2, 3, 33 
Flow through rinse, 140 
Fork, 187 
Formic acid, 160 
Fouling assemblages, 79 
Freeze drying, 159, 161, 169 
Freezer, 168, 171 
Fungi, 39 

Gabbro, 148 
Galena, 127 

Galvanic corrosion, 125, 128 



Galvanic coupling, 17, 75, 76, 84, 85, 110, 188, 
196 

Galvanic potential, 109 

Galvanic wrap, 69, 82, 84-86, 96, 117, 123, 130, 
132, 133, 185, 190, 197 
Galvanizing, 185, 187, 188, 189, 191 
Gas chromatography, 2 
Gilding, 6, 133, 185, 187, 188, 189 
Gilt, 185, 189 

Glass, 139, 140, 141, 142, 145, 146, 149, 150, 
152, 154 

flint, 146 

leaded crystal, 146 
obsidian, 145, 148 
plate, 146 

potash-lime-silica, 146 
soda-lime-silica, 146, 147 
Glass bead blasting, 88, 196 
Glass blowers, 146 
Glass disease, 146 

devitrifying, 139, 150, 151, 152, 154 
sweating, 148 
weeping, 147 
Glass modifiers, 146 
calcium, 146 
magnesium, 146 
potassium, 146 
sodium, 146 
Glaze, 143 

Glycerol, 161, 169, 170 

Gold, 76, 107, 123, 125, 126, 129, 134, 187, 

188, 190 

Granite, 142, 148 
Graphite, 72 

Guildhall museum dressing, 161 

Hand trucks, 18 
Hard coral, 79 
Hard sciences, 1 
Hematitte, 7 1 
Hollow ware, 141 
Hot-Box, 21 
Humectant, 169 

Humididty chamber (HC), 50, 52, 161 
Hydrated oxides, 79 
Hydrocloric acid, 140, 160 
Hydroflouric acid, 140, 160, 167 
Hydrogen, 89 

Hydrogen peroxide, 45, 160, 167, 174 
Hydrolic engine hoist, 1 8 
Hydrolysis, 146, 169 
Hydroxy chlorides, 79 




INDEX 



209 



Hydroxyl ions, 75 
Hydroxymethyl cellulose, 160 
Hypertonicity, 43 

Impregnating agents, 53 
Impregnation treatment, 40, 41, 51, 52 
Incralac, 191, 199 
Increment borer, 46 
In situ conservation, stabilization, 8 
Ions, 78 

Iron (Fe-archaeological), 69, 71, 108, 115, 116, 
130, 131, 134, 185, 187-189, 193, 
196 

chloride testing, 69, 92 
concretion analysis, 69 
concretion removal, 69 
final wash, 69, 85 
in situ galvanic reduction, 70, 
mechanical surface cleaning, 70 
orthophosphoric acid, 70 
Ferroclean, 70 
Jenolite, 70 
Naval Jelly, 70 
Trustan, 70 
phosphoric acid, 70, 

manganese phospholene, 70 
Ospho, 70 

zinc phospholene, 70 
protectant application, 69, 95 
recovery and storage, 69 
sequestering agents, 70 
Dequest, 70 
Metaquen, 70 
Navanaid, 70 

sodium carbonate wash, 70 
stripping acids, 70 
citric, 70 
Biox, 70 
Modaline, 70 
oxalic, 70 
thioglycollic, 70 
tannic acid application, 69, 70 
Fertan, 70 
treatments 

alkaline sodium dithionite, 70 

alkaline sulhte reduction, 70 

amonia, 70 

annealing, 70 

dehydration, 69 

Detarex C, 70 

EDTA, 70 

electro chemical cleaning, 82 



Iron (cont.) 

treatments (cont.) 

electrolysis, 82, 89, 90, 91, 93, 123, 130, 
131 

electrolytic reduction, see also 
electrolysis, 70, 85, 115, 128 
high amperage/light electrolyte, 69, 
70, 90,91 

high current density, 70 
low amperage electrolysis, 69, 90, 
91 

low amperage/light electrolyte, 69, 
70, 89,90,91,96, 193 
low current density, 70 
moderate current density, 70 
hydrogen reduction furnace, 70 
low pressure plasma, 70 
soxhlet washing, 70 
surface cleaning, 70 
washing, 70 

lithium hydroxide, 70 
sodium hydroxide, 70 
water stream rinsing, 70 
Iron, cast, 71, 72, 74, 88, 89, 90, 94, 116 
Iron, pig, 71, 72, 74, 88, 89, 90, 94 
Iron, wrought, 71, 72, 73, 74, 88, 90, 108 

Jewelry, 187, 188 

Kaolin clay, 145 
Keratin, 163, 168 
Knife, 187, 196 

Lanolin, 169 

Laboratories, see also Comprehensive 

laboratory. Complete service 
laboratory. Minimal intervention 
laboratory. Program supporting 
laboratories 

dry laboratory, 10, 16, 18, 20 
coating preparation, 10, 20 
consolidation, 10 
packaging, 10 
repair, 10 

storage preparation, 10, 21 
wet laboratory, 10, 11, 16 
air scribes, 10, 17, 18, 
bead blasting cabinet, 10, 18 
bulking or impregnation tanks see also 
bulking agent recovery tank, 19 
cistem(s), 17 
compressor, 10, 18 
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Laboratories {cont.) 
wet laboratory {cont.) 
electrolytic tanks, 10 
rain water, 17 
safety, 2 1 

solvent and flammable storage, 10 
tap water, 17 

vapor proof ventilation system, 18 
Lead, 107, 108, 123, 125, 127, 128, 129, 131, 
134, 188 

Lead bronze, 108 
Lead sulfate, 127 
Lexol, 161, 171 
Limestone, 142 
Lysol, 50,53, 171 

Macro-fibrils, 36 
Magnets, 87 

Magnetite, 71,83, 86, 115, 131 
Magnification lens, 20 
Makers marks, 6 
Manufacturing techniques, 6 
Marble, 142 

Maryland Materials Laboratory, 9 
Material culture interpretation, 1 
Material Safety Data Sheets, (MSDS), 22, 

95 

Mechanical cleaning, 44, 165 
Metal, miscellaneous, 124, 125, 189 
dehydration, 123, 133 
electrolysis, 123, 130 
galvanic wrap, 123, 132 
protectant application, 123, 134 
recovery and storage, 123, 129 
treatments, 124 

alkaline sulfite reduction, 124 
alkaline sodium dithionite, 124 
amonia, 124 
EDTA, 124 

electrolytic reduction, 124 

high amerage/light electrolyte, 124 
high current density, 124 
low amperageAight electrolyte, 124, 
130 

low current density, 124 
moderate current density, 124 
galvanic wrap, 124, 132 
mechanical surface cleaning, 124 
orthophosphoric acid, 124 
phosphoric acid, 124 
sequestering agents, 124 
sodium carbonate wash, 124 



Metal, miscellaneous {cont.) 
treatments {cont.) 
stripping acids, 124 
Citric, 124 
Biox, 124 
Modalene, 124 
Oxalic, 124 
Thioglycollic, 124 
wash and rinse, 123, 130, 133 
Metallic salts, 164, 167 
Methanogenesis, 80 

Methanogenic reducing bacteria, 77, 78, 80, 85, 
112 

Methyl alcohol, 18 

Micro-excavation , 6, 10, 20, 96, 154, 166, 175 
Micro-fibrils, 36 
Microscope, 20 

Microcrystalline wax (micro-wax) 20, 95, 96, 
119, 134, 191 

Minimal intervention laboratory (MIL), 

see also Laboratories, 3, 10, 1 1-16, 
18, 20-22, 50, 54, 87, 88, 91, 92, 
199 

Mold marks, 6 
Monomers, 40 
Morpholine, 160 
Multi-meter, 87, 90, 132 
circuit continuity (ohms), 87 
resistance, 87, 90 
Museum curators, 3 

Nautokite, 107, 109 
Necking, see also differential aeration 
corrosionl09, 110 
Neetsfoot oil, 161 
Neutralfatt SS, 161 
Nickel, 107, 108, 187, 188, 190, 191 
Nitrogen, 164 

Noble metal, 76, 110, 125, 135 
Non-ionic detergent, 160, 168 
Non-vacuum freeze drying, 168 
Nylon brush, 131 
Nylon mesh wrap, 169 

Open-hearth furnaces, 73, 107 
Organics, 159, 163, 164, 175 
antlers, 159, 163, 164, 167, 172, 173, 185, 

187. 195. 197. 198 

bone, 159, 163, 164, 167, 172, 173, 185, 187, 

195. 197. 198 
hair, 159, 163, 165, 168 
horn, 163 
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Organics (cont.) 

ivory, 159, 167, 172, 173, 185, 187, 195, 197, 
198 

latex, 174 

leather, 159, 161, 163, 164, 171 
rubber, 159, 173, 174 
hats, 173 
hoses, 173 
raincoats, 173 
rain gear, 173 
shoes, 173 
shell, 163 
silk, 159, 165, 168 
skin, 163 

teeth, 159, 167, 172, 173 
textile, 163 

vegetable matting, 159, 165, 169, 170 
wool, 159, 163, 165, 168 
Organic stains, 167 
Organic, treatments, 160 
Ornaments (metallic), 188 
Osmotic collapse, 84 
Osmotic pressure differential, 42, 165 
Oxalic Acid, 140, 160, 167 
Oxidation, see also Corrosion, 75 
Oxides, 79 
Oxidizing agents, 21 
Oxygen, 89, 164 

Paraloid B-72, 140, 153, 154, 171 
Paratacamite, 107, 109 
Pasteurization, 50 
Patena, 115 
Penetrating epoxy, 140 
Percussion flakes, 141 
Petrolatum, 161 

Pewter, 123, 125, 128, 129, 131, 134, 

135 

electrolytic reduction, 128 
pH, 81, 164 

Phosphoric acid, 140, 160 
Phosphorous, 108 
PIXI, 2 

Plant products, 164 
pitch, 164 
resins, 164 
rubber, 164 
tar, 164 

Plating, 114, 133, 185, 187, 188, 189, 

190 

electrochemical, 188 
Platinum, 107 



Pneumatic scribe (air), 10, 44, 88, 196 
Polarization, 109 

Polythylene glycol (PEG), 14, 18, 19, 40, 53, 
161, 169 

peg 400, 51, 170, 171, 174 

peg 450, 51, 

peg 540, 5 1 

peg 1450, 51 

peg 3350, 51, 52 

Polyvinyl acetate (PVA), 140, 153, 154, 160, 
173, 198 

Polyvinyl alcohol, 160 
Polyvinyl buterol, 160 
Polyvinyl pyrrolidone, 160 
Pontil, 146 

Porcelain, 141, 144, 145 
Chinese hard paste, 144, 145 
European hard paste, 144 
Potassium permanganate, 160 
Pottery, 142, 143, 146 
Poultice, 151 
Pourbaix diagram, 81,82 
acid/reduction, 82 
alkaline/oxidizing zone, 82 
alkaline/reduction zone, 82 
alkaline/oxidizing, 82 
Primary artifact interpretation, 1 
Program supporting laboratories, see also 

Minimal intervention laboratory, 
8,9 

Projectile points, 141, 148 
Protectant, 134, 185 
Pumice, 148 
Pyridine, 160 

Radiography, 87 
flouroscopic, 87 
x-ray, 87 

Redox potential (Eh), 81, 164 
Reducing environment, 83 
Red/brown mass, 77, 86, 87, 88, 190 
Refrigerate, refrigeration, refrigerated, 165, 

174 

Relative humidity, 42, 96, 134 
Relative Humidity Chamber (RHC), 20, 52, 53, 
170, 171, 195 
Research design, 14, 15 
Rhoplex, 160 
Rosin, 40 

Rust, 75, 78, 83, 86, 89 
acid, 75 
electricity, 75 
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Safety, 18, 21 
equipment, 20 

breathing mask, 20 
fire extinguishers, 22 
Mateial Safety Data Sheets, (MSDS), 22, 
119 

protective coveralls, 20 
rubber gloves, 20 
safety glasses, 20 
Salts, 40, 149, 150 
Scalpels, 18, 44, 140, 150, 196 
Shaft furnace, 71 

Shellac, 96, 129, 134, 191, 195, 198 
Silica, 146 
Silicates, 141 
Silicate slag intrusions, 73 
Silicon Oil, 140, 153, 160, 161 
Silver, 107, 123, 125, 126, 131, 134, 187, 188, 
190 

Silver chloride, 127, 130 
Silver sulfide, 127 
Site excavation methodology, 15 
Skudelev Laboratory in Denmark, 1 1 
Smelting, 107 

Sodium bicarbonate wash, see also Base, 123, 
130, 133 
Sodium bisulfite, 160 
Sodium citrate, 160 
Sodium dithionite, 160 

Sodium hexametaphosphate (Calgon), 140, 150, 
151, 152, 160, 190, 197 
Sodium hydrogen carbonate, 160 
Sodium hydrodulfite, 160 
Sodium sequicarbonate wash, see Base, 1 15, 
117, 132 
Solder, 128, 188 
Soluble nylon, 160 

Solvent dehydration, 133, 161, 185, 197 
Specific gravity (SG), 41, 45, 46, 47, 48 
Spoons, 187 
Springs, 73 
Squirt bottles, 43 
Static desalination rinse, 140, 153 
Steel, 71, 73, 74, 185, 187, 195 
chromium, 73 
cobalt, 73 
manganese, 73 
nickel, 73 

Stone (lithic), 139-142, 148, 150, 152, 154 
igneous, 139, 148, 149, 150 
basalt, 148 
gabbro, 148 



Stone (cont.) 
igneous (cont.) 
granite, 148 
obsidian, 148 
pumice, 148 

metamorphic, 139, 148-152 
anthracite coal, 149 
dolomite, 149 
gneiss, 149 
marble, 149 
quartzite, 149 
slate, 149 

sedimentary, 139, 141, 148-152 
breccia, 149 
bituminous coal, 149 
flint, 149 
limestone, 149 
sandstone, 149 
shale, 149 

Stoneware, 141, 144, 145 
gray bodied stoneware, 144 
jasper, 144 
rosso antico, 144 
salt glaze stoneware, 144, 145 
white salt glaze stoneware, 144 
Storage ware, 141 
Sublimation, 20, 169, 170 
Sucrose, 14, 18, 19, 50, 53, 193, 194 
Sugar, 40, 49, 50 

Sulfate reducing bacteria, 77, 78, 80, 85, 1 12, 
113 

Sulfide stain, 167 
Sulphurous acid, 160 
Swords, 73 

Tannic acid, 95, 171, 195 
Tannins, 164 
Tartaric acid, 160 
Tenorite, 109 

Terracotta, 142, 143, 144, 152 
mud brick, 144 
sun dried, 144 
under fired, 144 
Terrestrial archaeology, 4 
Texas A&M Laboratory, 9 
Thioglycollic acid, 160 
Tin, 108, 115, 123, 125, 127, 128, 129, 131 
Tin cans, 187, 188 
Tool patterning, 6 
Tracheids, 36, 40 

Utensils, 196 
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Vacuum freeze drying systems, 20, 161 
Vapor chambers, 173 
Vasa Laboratory, 9 
Vegetable oil, 161 
Vegetable tanned leather, 171 

Water, see also Laboratory, wet 
deionized, 17, 45, 84, 93, 152, 196 
distilled, 17, 45, 84, 93, 1 17, 152, 173, 196 
fresh, 123, 132, 196 
tap, 17, 84 
rain, 17,45,84, 93 
of wood, 38, 47, 84 
Wear patterns, 1, 6 
Western Australia Maritime Museum 

Conservation Laboratory, 9 
Wet lab, see also Laboratory, 7, 16, 18 
White glue, 173 

Wood, archaeological, 33, 35, 38, 39, 43, 45, 
185, 187, 193 
analysis, 46 

aspirated, non-aspirated, 36 
moisture content (MC), 39, 41, 45, 46, 47, 
48 

specific gravity (SG), see Specific Gravity 
cell wall, 37, 38 

cell wall anatomy, 37, 38 
boardered pits, 36, 49 
primary cell wall, 37 
secondary cell wall, 37, 38 
si, 37, 38 
s2, 37, 38 
s3,37,38 
warty layer, 37 
collapse of, 38 
dried wood, 39 

drying behavior of (DB), 45, 46, 48, 49 
face checking, 49 
green wood, 40, 47 
gross anatomy, 37 
annual Ring, 37 
cambium, 36, 37 

dried archaeological wood, 39, 42 

heartwood or xylem, 36, 37 

lumina, 36 

late wood, 36 

outer bark, 36, 37 

phloem, 36, 37 

rays, 36, 37 

sapwood, 36 

hardwoods (angiosperms), 36, 47 
American elm, 47 



Wood, archaeological (cont.) 
hardwoods (cont.) 

American chestnut, 47 
beech, 36 
birch, 36 
cherry, 36 
elm, 35, 36 
hickory, 36 
lignum vitae, 47 
live oak, 47 
maple, 36 
oak, 35, 36 
red oak, 47 
sweet Gum, 36 
walnut, 36 
white oak, 47 
willow, 36 
monocotyledons 
bamboo, 36 
palm, 36 
treatments, 34 
air dry, 53 
alum, 34 

barium borate, 34 

bulking and impregnation, see Bulking and 
Impregnation 
creosote, 34 
freeze dry, 34 
glycerol, 34 
lindseed oil, 34 
mechanical cleaning, 43 
methyl cellulose, 34 
paraffin wax, 34 

polyethylene glycol, see also Polyethylene 
Glycol, 34 

polymerization of a monomer, 34 

rosin, 34 

salt, 34 

slow dry, 34 

sodium silicate, 34 

solvent dry, 34 

sugar, see also Sugar, Sucrose, 34 
stain removal, 44 
citric acid, 45 
hydroflouric acid, 45 
oxalic acid, 45 
poultices, 45 

tetraethoxy silane (TEOS), 34 
shrinkage, 38, 39, 40 
longitudinal, 38 
radial, 38 
tangential, 38 
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Wood, archaeological {cont.) 

softwoods (gymnosperms), 36, 47 
balsa, 47 
cedar, 35, 36 
eastern red cedar, 47 
eastern white pine, 47 
fir, 36 

hemlock, 36 
larch, 36 

pines, white and yellow, 36 
red pine, 47 
redwood, 36 
southern yellow pine, 47 
spruce, 36 

western white pine, 47 



Wood, archaeological {cont.) 
stains, 6, 44, 45 
copper stains, 45 
iron stains, 45 
sulphide staining, 45 
storage and desalination, 42 
termites, 39 

watelogged wood, 39, 40, 42, 

52 

capillary tension collapse, 39 
microcapillaries, 39 
water absorption and desorption, 
38 

Zinc, 107, 108, 110, 115, 188, 190 




